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ABSTRACT
Computers,in radiotherapy,are now widely used for calculatingand displayingdose
distributionsfor optimumtherapyplanning.Therearelots of hardwareoptionsandcommercial
programs,which were developedoutsideTurkey,availablein the market.In this study,we
proposea system,which can be usedwith a conventionalPCs runningwith WindowsNT
operatingsystem.Our first clinicaltestsshowthatthissystemis veryefficientandsuitablefor
clinicalrequirements.Also in futuredevelopmentsof thesoftwareis veryeasy.
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1. INTRODUCTION
Themainpurposeof thisworkis to displayof radiationdosedistributionandmodeling
in humanbodyandsimilarmediumwith experimentalcalculationmethod.The main
goalof this projectis producingan effectiveandinexpensiveRadiotherapyPlanning
Systemin cancertreatment.Sincethehardwarecosteffectsthepriceof suchplanning
system,PC compatiblecomputershavegreatadvantageontheoverallprice.
Ionizedradiationhasbeenusedfor cancertreatmentwith manyformsfor 80 years.
Malign tumorshavemoremitozratethannormalhealthytissues.Therefore,radiation
damageis higherthannormaltissuesat suchtumors.The disciplinethatdealswith
radiationtherapyof canceris namedas"RadiationOncology"andgenerallythistherapy
methodis called"Radiotherapy".
Major form of Radiotherapyis externalradiotherapy.In thismethod,ionizedradiation
is appliedtothepatientexternallywithacobalt-60,x-raytubeor linearacceleratorunit.
In orderto increasethe efficiencyof radiotherapy,homogenousand high radiation
shouldbe appliedto malignanttumorand at the sametime lowestdoseshouldbe
appliedto thesurroundinghealthytissuesas efficientaspossible.In orderto achieve
suchdosedistribution,variousparametershouldbe plannedstepby stepbeforethe
therapy.For thisplanningprocedure,firstof all, computerapplicationshadappearedin
1960's.A computerizedplanningsystemschedulesthesesequentialstepsfor a given
patientdataandtherapymachine:
1. Entering2D or 3D anatomicaldataof a patientto the programby using a
graphicinterface.
2. Determinationof surroundingtissueandorgancontoursandhomogeneities.
3. Determinationof therapymachineandenergy.
4. Making different alternativeplans by using field sizes, couch and gantry
parametersanddifferentfilters.
5. Display and printout of the radiation dose distributions(in tumor and
surroundingtissues)in the2D or 3Dformbyusingagraphicinterface.
Anatomicalcontoursof the patientscan be enteredby with the help of scanned
Roentgen,CT or MR images.Theseimagesarein theform of bitmapimages.These
imagesareusedastemplatesof thepatientcontours.Usercanusedigitizerormouseto
pointcontourpointsonthescreen.Connectedpointsgeneratecontours.Thesepointsare
callednodes.Thesenodescanbeaddedandeditedby theuser.Also, groupoperations
aresupportedsuchasgroupdeleteandmove.
In thisdissertation,themostimportantcalculationalgorithmsarediscussed.The most
suitablealgorithmshavebeenselectedin somecalculations.
2. A SHORT DESCRIPTION OF RADIATION THERAPHY
2.1. TYPES OF RADIATION THERAPHY ON CANCER TREATMENT
High-energyionizingradiationhasbeenusedfor treatmentof maligndiseasesandsome
benigndisease[1].Radiationmaybegiventothepatientmainlyin two ways:External
radiationor internal radiation(brachytherapy).External beam radiationtreatment
machinesproduce ionizing radiation by a radioactivedecay of a nuclide or
electronicallyby theaccelerationof electron.Up to 1950,mostof theexternalbeam
radiotherapywas carriedup with X-rays generatedat voltagesup to 300KVe. After
thesemachines,higherenergymachinesweredeveloped,exampleof athesedevicesare
Cs137andCobalt-60.Todaylinearacceleratorsappearedarebeingusedwidely[2].
2.2. RADIOTHERAPHY TREATMENT MACHINE TYPES
Basiccomponentsof all externalbeamtreatmentmachinesincludea radiationsource,a
collimatingsystemto form and directa radiationbeam,shieldingfor protection,a
controlsystemturnthebeamon andoff, a light field to delineatevisiblytheradiation
field to be treated,a gantryfor rotatethebeam,a couchfor to supportandlocatethe
patientsuitableplace[1,2],seefigure2.1.
Thesecomponentsare assembledfor presentday treatmentmachinesin isocentric
geometry.The isocenteris a point in spaceat which thetreatmentmachinerotational
axesall intersects[1].
Figure2.1:A TypicalExternalBeamTreatmentMachine
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Radiationtreatmentmachines,whichuseX-ray tube:
Thesemachinesarefirstusedasexternalradiotherapyunits.Their energylevels
are50 KY to 300KY. An X-Ray tubeconsistsof a glassenvelope,whichhasbeen
evacuatedto highvacuum.At oneendis a cathode(negative lectrode)andattheother
ananode(positiveelectrode)[1].The cathodeis a tungstenfilamentthatwhenheated
emitselectrons.Theanodeconsistsof athickcopperrodattheendof whichis placeda
smallpieceof tungstentarget.Whena highvoltageis appliedbetweentheanodeand
cathode,theelectronsemittedfromthefilamentareacceleratedtowardstheanodeand
highvelocitiesbeforethestrikingthetarget[2].TheX-ray areproducedbythesudden
deflectionor accelerationof theelectroncausedby theattractiveforceof thetungsten
nucleus.The X rays are veryusefulfor treatmentof the superficiallesionsbut not
suitabletothedeeplesions[3].
Radiationtreatmentmachines,which useradioactivenuclides:
Thesemachinesusegammarays,whichareemittedfrom a daughternucleusfonned
afterradioactivedecayof unstableparentnucleus[4]. Ra226,Cs137 and the most
commonlyC060asa sourceof gammaraysfor treatmentwerepioneeredbyH.E.Johns
andrepresenteda majorstepin obtaininghighenergyphotonsabove1MeY [3,4].The
sourceis storedin a shieldedheadof themachine[1].The machineshavea rotatable
gantry,a collimationsystemandapatientcouchlike asotherexternaltherapymachines
[3].
Radiationtreatmentmachineswhich uselinear electronacceleration:
In thesemachines,electronsareacceleratedto highenergyandareallowedto exitthe
machineas an Electronbeamor aredirectedinto a targetto producehigh energyX-
rays.TheirX-ray energylevelsareupto25MeY andmoreusefulthanCo-60machines
[3],seefigure2.2.
Pulse-forming network
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Figure2.2:SchematicDrawingof aLinearElectronAccelerator.
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Major mechanicalcomponentsare similar to thoseotherexternaltherapyunits.A
rotatablegantryallows 360-degreerotationof the radiationsourceat an isocenterto
enablemultiplebeamdirections.A setof collimatorsor jaws providerat least%99.9
attenuationof theprimarybeamanddefinesthelengthandwidthof rectangularX-ray
field.A maximumfieldsizeof 40X40cmatisocenter(generally80-100cm)is common
with 180-degreerotationof the entirecollimatorsystemat isocenter[3]. Collimator
pairscan be operatedin coupledmodeto producesymmetric,rectangularfield or in
somemachines,independentlytoproduceasymmetricfields[2].
Other acceleratortechniqueshave beenused to producea varietyof high-energy
particlessuch as electrons,protons,neutronsand higherZ ions. Theseteclmiques
includethebetatron,cyclotron,andmicrotron.But theusesof thosemachinesarevery
limited[1].
2.3. THERAPY MACHINE MOTIONS
Differenttherapymachinesusedifferentsystemsfor describingmotionsandsettings.
Thesemotionsaredescribedin a vendorindependentwayto simplifyentry,displayand
comprehensionof treatmentspecifications.An internationalstandardsbody, the
InternationalElectrotechnicalCommission(lEC), hasproposedsomeconventions[15]
butthesearenotobservedby all vendors.ThetaskgroupreviewedtheIEC conventions
andfoundthemincompletefor our purposes;moreover,someof their choiceswere
inconvenient.Therefore,a new set of definitionsare definedfor conventions,using
somebutnot all of theIEC conventions.All treatmentbeamswill bedescribedin the
Foundationusing theseconventionsin the sameway, ratherthanusingthe various
machinespecificsystems.
Linear Motions
Thezeropositionsof lineartablemotionsfollowtheseconventions:
1. Table lateralis zerowhenthetablemid-linelies in a verticalplanethatpasses
throughtheisocenter.
2. Tableverticalis zerowhenthetablesurfaceis attheheightof theisocenter.
3. Tablelongitudinalis zerowhenthetableis atits minimumlongitudinaldistance
fromthegantry.
Thefirst two of theseconventionsfollow thosedefinedin [15],pages15,17and42.
Thethirddoesnot.Thethird(tablelongitudinal)referencepositionpresentsproblems,
andis lessusefulthantheothertwo.This definitionis still machinedependent,because
therangeof motioncanbedifferentfor differentmachines.Positivetablemotionsarein
thedirectionsof thecorrespondingcoordinateaxesin thepatientcoordinatesystem:
1. Positive lateralmotionis directedto the right (looking from the foot of the
treatmenttable).
2. Positiveverticalmotionis directedup.
3. Positivelongitudinalmotionis directedawayfromthegantry.
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Thefirstof theseconventionsfollowstheonedefinedin ref. [12].Thesecondandthird
donot.Notethatwhenthetablerotationis zero,changesin lineartablemotionssettings
areof thesamemagnitudeandoppositesignastheresultingmotionof the isocenter
withinthepatient.
Rotations
Rotationalmotionsfollowtheconventionsdefinedasbellow:
1. Rotationsaremeasuredin degrees,usingonlypositiverealnumbers,begimling
with 0.0,up to butnotincluding360.0(e.g.359.0,359.99: : : , 0.0, 1.0: : ~)
irrespectiveof movementavailable.
2. Gantry rotation is zero when the beam centralaxis is directedvertically
downwards.
3. Tablerotationis zerowhenthelongitudinalaxis of thetableis parallelto the
axisof gantryrotation.
4. The collimatorrotationis zerowhen,with thegantryangleandturntableangle
bothsetto zero,openingthecollimatorjaw (or leaf)designatedthesuperiorx
jaw movesthejaw in the +x directionin thepatientcoordinatesystem(thus
makingthefieldwiderin the+xdirectionin atransverseplane).
All rotationsincreasefor clockwiserotationwhenviewedfromapointontheaxisof the
beambetweenthecollimatorandthetablesurface.
Notethatthedefinitionof thecollimatorzerorotationpositiondependsonwhichof the
collimatorjaws is designatedthe superiorx jaw. Therearetypicallyfour collimator
jaws,andtheidentificationof thesuperiorx jaw (etc.)is madeby eachsite,notby the
therapymachinevendor.Wherechoicepermits,it is usuallymostconveniento make
thedefinitionssuchthatthecollimatorzerorotationpositionis nearthecenterof its
mechanicalrangeof rotation.
WedgesandBlocks
Any wedgeor block(s) move with the collimator,i.e. are fixed in the collimator
coordinatesystem.Wedge rotationanglesare definedin the collimatorcoordinate
system(forthefourpossibleorientations)asfollows:
1. O-degrees,thethinpartof wedgepointingalongpositivey-axis.
2. 90-degrees,thethinpartof wedgepointingalongpositivex-axis.
3. 180-degrees,thethinpartof wedgepointingalongnegativey-axis.
4. nO-degrees,thethinpartof wedgepointingalongnegativex-axis.
Collimators
All collimatorjaw or leaflocationsandsettingsaredescribedbyx andy coordinatesin
centimetersin thecollimatorcoordinatesystem,projected(usinga perspectivemodel)
to thelocationof the isocenter.In otherwords,a lOxlO field is 10 cm wide at the
isocenter,whiletheactualspacebetweenthephysicalcollimatorjaws is smaller.
Mostcollimationsystemsarecomposedof twopairsof jaws ora largernumberof pairs
of leaves.Thex pairsmovein thecollimatorx directionandthey pair'smovein the
collimatory direction.In conventionallycollimatedsystems,thereis onex jaw pairand
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oney jaw pair.In multileafcollimatorsystemsthereareanumberof leafpairsin either
thex ory direction,butnonein theotherdirection.Motion of a jaw or leaftowardor
pastthecentralaxis is calledclosingor extensionandmotionof thejaw or leafaway
fromthecentralaxis(tomakethefieldlarger)is calledopeningorretraction.
Withineachpair,thesuperiorjaw or leafis in thepositivehalfplanewhenit is openor
retracted.The inferiorjaw or leafopensintothenegativehalfplane.Thus,to createthe
obligatory lOxIa field the inferior and superiorjaw positions are -5.0 and 5.0,
respectively.
Therearetypicallyfour collimatorjaws, andthe identificationof thesuperiorx jaw
(etc.)is madeby eachsite,notbythetherapymachinevendor.Notethatthedesignation
of whichjaws (leaves)arex andy andwhicharesuperiorandinferiordependsalsoon
the (sitespecific)choiceof which collimatorrotationangleis takento be zero.It is
usuallymostconveniento chooseall of thesedefinitionssuchthatthecollimatorzero
rotationpositionis nearthecenterof itsmechanicalrangeofrotation.
In systemswhichprovideovercenteringin whichajaw or leafmaycrossoverthebeam
centralaxistowardtheoppositeside,themaximumextensionof a superiorjaw or leaf
pastthecentralaxiswill beanegativenumber,andthemaximumretractionawayfrom
the centralaxis will be a positivenumber.However,themaximumextensionof an
inferiorjaw or leaf will be a positivenumberand its maximumretractionwill be a
negativenumbers.
2.4. TODAY ApPLICATIONS AND THE AIM OF THIS WORK
With the improvementin imaging techniquesand facilities available to
clinicians,accuratedelineationof the malignanttumor extentbecomesever more
certain.Coupledwith this is a moveto conformaltypesof treatmentto maximizethe
tumorcontrol/complicationratio[1].
This, togetherwith thebetterunderstandingof tumorcell characteristics,places
increasingimportanceupontheaccuracywith whichtreatmentplan arecalculated.In
additiontreatmentmachinesandaccessories,whichrealizethisplan,areimportant.
Advancesin computingtechnologyallowever-greatercomplexityof calculation.
3D calculation algorithmsand more sophisticatedradiotherapytreatment
machineswill bringmorebenefittotheincreasingnumbersof patients[3].
Thesetechnologiesareveryexpensiveandall of themhavebeenimportedfrom
westerncountriestoTurkey.
In thisworkaplanningsystemhasbeencreatedfirstlyin Turkey.
Planningalgoritllil1sandnecessitiesaregrowinganddifferentformsareneeded.
If ourclinicswill usea system,whichis createdin Turkey,theybuysuchsystemsmore
economicallyandsuitabletotheirrequirements.
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2.5. OPERATING SYSTEM AND PROGRAMMING LANGUAGE SELECTION
Microsoft©WindowsNT operatingsystemis a multitaskingenvironment.It canrun
many processesat the sametime. Windowing featuresare very useful for this
application.This applicationrequiresmanygraphicalfeatures.Suchaspointingdevice
support,hardwareacceleratedgraphicssystems,laserprinters,color inkjet printers,
digitizers,scannersandmanyotherfeaturesareeasilyhandledbythisoperatingsystem.
Also, This operatingsystemhas very good securityoptions.User's rights can be
managedeasily.Usercannotaccessoperatingsystemandcriticfiles if Administratorof
theoperatingsystemsetspermissionsaccordingly.
MicrosoftVisual C++is a verypowerfulandrobustobjectorientedC compiler.It has
manyfeaturesto write easyand effectivecodefor MS WindowsNT. It canhandle
almosteverypossiblefeature.
TheCuriePlanningsystemis intendedto beportableto anyplatformthatconformsto
thespecificationsdefinedin ANSI-C andMFC. While efforthasbeenmadetoproduce
systemindependentcode,somevendorspecificcodeis unavoidable.
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3. A RADIOTHERAPHY PLANNING PHYSICAL BASICS
3.1. BEAM DEFINITION AND BEAM MODIFIERS
Photonbeamsusedin radiationtherapyhavedosecharacteristicsthatvaryprimarilyas
a functionof beamenergyandtreatmentmachinedesign[2].Main threemathematical
functionsareusedto describethe dosecharacteristicsfor externalradiationbeams,
percentdepthdose(PDD), tissue-air-ratio(TAR) andtissue-phantomratio(TPR).
PercentDepthDose:
PDD is theratioof thedoseat depth,Dd, to themaximumdose,Dm, measuredalong
thecentralaxisof thebeamandexpressedasapercent[3].
PDD is thedependentonthedepth,referencedepth,maximumdosepoint,beamquality
(orenergy),sourceto surfacedistancesandfieldsizeatthesurface.
PDD is usedfor bothphotonandelectronbeamsandis oftenin tabularformof dose
calculations[2].
Tissue-airRatio (TAR):
Givenafixedirradiationpointin spare,theratioof thedosein phantom,to thedosein
air,atsomepointis calledtheTAR. TAR indicateshow thedosein theair is affected
whentheair is replacedby thetissue[1].TAR independentof SSD. TAR is usedfor
photonbeamsonly.
Tissue-phantomRatio:
TPR mustbeusedfor photonenergiesaboveabout4 MV, whentheair measurements
areimpractical.As withPDD andtheTAR, theTPR is theratioof twodoses,however,
bothdosesaremadein phantom(tissueequivalentmedium).TPR is theratioof doseat
d.depthtodoseatreferencedepth[2].
Whenreferencedepthis themaximumdosedepth,theTPR is calledasTMR. TPR and
TMR independentof SSD.
TheScatterAir Ratio.
MayneordfirstproposedthatPDD couldbe separatedintoprimaryandsecondary(or
scatter)components.LaterClarksonproposedsectorintegrationof scattercomponents
incalculatingthePDD at anypointinsideor outsidean irregularshapedfield [5].This
conceptwaslateradaptedby GuptaandCUill1inghamtotheTAR.
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Theconceptstatesthatdoseatapointarethesumof primaryandscattercomponents.
Primarydoseis dueto photonsthathaveinteractionsatthepointof interest.Secondary
doseis dueto photonsand electronsthatscatterto the point of interestfrom other
interactionpoint[3].
WiththisconceptTAR is givenby
TAR =TARo +SAR (3,1)
WhereTARo is the TAR for zero fields,representingprimarydoseand SAR is the
scatter-air-ratio,representingsecondarydose[1].
TheTARo is foundby extrapolationof circularfield size.The SAR is calculatedasthe
differencebetweentheTAR andTARo.
For anirregularfield, an effectiveTAR canbefoundthatis thesumof theTARo and
effectiveSAR for theirregularfield.
TheirregularfieldSAR is foundbysectorintegration[2].
Similarmanner,separationof primaryandsecondarydosecanbeappliedto anyof the
dosefunctionsin asimilarfunction,for instance,theTMR canberepresentedas
TMR =TMRo +SMR (3,2)
Themethods(dependenton TAR or TMR) arecommonlyusedthanPDD, becauseof
independentof SSD [4].
a. b. c.
Figure3.1:PDD, TAR andTPR MeasurementSetups.
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Figure3.2:PDD vs.Depthgraphfor differentypesof photonbeams.
Effectsof Energy for PhotonBeams:
- PDD increasesastheenergyincreases.
- Surfacedosedecreasesastheenergyincreases.
- HVL (halfvaluelayer),measuredin lead,increasesastheenergyincreases[3].
EffectsofField Size:
- PDDincreasesasthefield sizeincreases[2].
- Surfacedose increasesas the field is increasedbecausethe amountof scattered
radiation.
- Absolutedoserate(orbeamout)increasesasfieldsizeincreases[1].
BeamModifiers:
Variousdevicescanbe put into a photonbeamto modifytheshapeof thebeamand
dosedistribution[2]. Collimatorsand customblacks are used to shapefield, as
previouslydiscussed.Wedgesproduceskewedisodoselinesat fixed anglesacrossthe
centralray[4].
Physicalwedgefiltersmadeof steelor lead.An alternativewedgingsystemusesno
physicalfiltersandproducesangledisodoselines by scanningone of the collimator
Jaws.
Compensatorsattenuatethebeamin desiredlocationtoprovidedosimetricshaping[5].
Custommadeblocks, multileafcollimatorsand intensitymodulationalso available
methods[1].
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ElectronBeamCharacteristics:
Electronsdiffer from photonsin thatelectronshavea finite range- travela certain
distanceandthenstop- theirkineticenergyis zero[2].
PPD, field size,flatnessandsymmetryandsharpnessof thebeamedgefor electronscan
demeasuredsimilarlyasforphotonbeams[3].
- Effectof energy.
- PDD increasesasenergyincreases.
- Surfacedoseis high,in the%70-90rangeandincreasesasenergyincreases.
- Thesteepnessof thedosefall-offregionlessenswithincreasingenergy[1].
- Effectof thefieldsize.
- PDD increaseonlyslightlyasthefieldsizeis increased.
- Surfacedoseincreaseslightlyasthefieldsizeis increased.
- Absolutedoserateincreasesasthefieldsizeis increased[2].
IsodoseDistribution:
ThePDD, TAR or TPR by itselfis not sufficientto characterizea radiationbeamthat
producesadosedistributionin athreedimensionalvolume(suchashumanbody)[2].In
orderto representvolumetricor planarvariationin absorbeddose,distributionsare
depictedby meansof isodosecurves,whicharelinespassingthroughpointsof equal
dose[1]. The curvesare usuallydrawn at regularintervalsof absorbeddoseand
expressedasapercentageof thedoseatareferencepoint.
Thustheisodosecurvesrepresentlevelsof theabsorbeddosein thesamemaImerthat
isothermsareusedforheatandisobarsforpressure.
IsodoseChart:
Isodosechartfor a givenbeamconsistsof a familyof isodosecurvesusuallydrawnat
equalincrementsof PDD, representingvariationin doseas a functionof depthand
transversedistancefromthecentralaxisof thebeam[3],seefigure3.3.
Thedepthdosevaluesof thecurvesarenormalizedeitheratthepointof maximumdose
onthecentralaxisorata fixeddistancealongthecentralaxisin theirradiatedmedium.
Thechartsin thefirstcategoryareapplicablewhenthepatientsaretreatedata constaIlt
SSD(Sourceto SurfaceDistance)[6]. In thesecondcategory,theisodosecurvesare
normalizedata certaindepthbeyondthedepthof maximwndose,correspondingtothe
axisofrotationof anisocentrictherapyunit.
Thistypeof representationis especiallyusefulin rotationtherapybutcanalsobeused
forstationaryisocentrictreatments.
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Figure3.3:A 6MV photonbeamcrossplainisodosechart,B 18MeV photonbeamcross
plainisodosechart,C 6 MV photonbeamorthogonalplainisodosechart,D 18MV
photonbeamorthogonalplainisodosechart.
Examinationof isodosechartsrevealssomegeneralpropertiesof X raysandsometimes
electrons.
1. Thedoseatanydepthis greatestonthecentralaxis.
2. Near the edgesof the beam(thepenumbraregion),the doseratedecreases
rapidlyasa functionof lateraldistancefromthebeamaxis.
3. Nearthebeamedge,falloff of thebeamis causednot only by thegeometric
penumbrasidescatter.
4. Outsidethegeometriclimitsof thebeamandpenumbra,thedosevariationis the
resultof side scatterfrom the field and both leakageand scatterfrom the
collimatorsystem[6].
Sucharepresentationf thebeamis knownasthebeamprofile.It maybenotedthatthe
fieldsizeis definedasthelateraldistancebetweenthe%50isodoselinesata reference
depth.
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Measurementof IsodoseCurves:
Isodosechartscan be measuredby meansof ion chan1bers,solid-statedetectorsor
radiographicfilms. Of these,the ion chamberis the most reliablemethod,mainly
becauseof it, relativelyflatenergyresponseandprecision[1,4,12].
Althoughany of thephantomsmaybe usedfor isodosemeasurements,wateris the
mediumof choicefor ionometricmeasurements.Also automaticdevicesfor measuring
isodosecurvesordoseprofileshavebeendevelopedfor rapidmapping[6].
WedgeFilters Characteristics:
Frequently,specialfilters or absorbingblocks areplacedin the path of a beamto
modifyits isodosedistribution[1].Themostcommonlyusedbeammodifyingdeviceis
awedgefilter.This is a wedge-shapedabsorber,whichcausesaprogressivedecreasein
theintensitya crossthebeam,resultingin atilt of theisodosecurvesfromthein normal
positions[6]. .
Wedgeisodoseangle(or simplewedgeangle)refersto "the anglethroughwhichan
isodosecurveis titledatthecentralrayof abeamspecifieddepth"[4],seefigure3.4.
Thepresenceof awedgefilterdecreasestheoutputof themachine,whichmustbetaken
intoaccountin treatmentimecalculations.This effectis characterizedby thewedge
transmissionfactor(or simplywedgefactor),definedas the ratio of doseswith and
withouthewedge,atapointin phantomalongthecentralaxisof thebeam[3].
WedgeSystems:
Wedgefiltersareof two maintypes.The firstmaybecalledtheindividualizedwedge
system,which requiresa separatewedgefor eachbeamwidth,optimallydesignedto
minimizeto lossof beamoutput[3].Thesecondsystemusesa universalwedge,i.e.,a
singlewedgeservesforall beamwidths.
EffectonBeamQuality:
In general,the wedgefilter altersthe beamqualityby preferentiallyattenuatingthe
lower-energyphotons(beamhardening)andto lesserextent,by Comptonscatteringthat
resultsinenergydegradation(beamsoftening).
Althoughthewedgefiltersproducesomechangein beamquality,asnotedabove,the
effectis notlargeenoughtoalterothercalculationparametersuchasthePDD, TAR or
TMR.
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Figure3.4:Isodosecurveswithphysicalwedges.A: 15°,B:300,C:4So andD:600
3.2. BASIC GEOMETRIES
Irradiationgeometriesfor dosimetricmeasurementsaredrawn,figure3.5. Main parts
consists
1- Radiationsource
2- Radiationfield:A rectangle,whichcreatedbycollimator.
3- Surface:Bodyorbodyequivalentmaterialsurface
4- CentralRay:It alsonamedasacentralaxis.
Therapymachinegeometrywill beexplainedin thesection4.6in detail.
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Figure3.5:Irradiationgeometriesfordosemeasurements.A: Beamorientationwith
phantom.B: Plainsorthogonaltothecentralaxisandisodosecurves.
3.3. EXTERNAL BEAM TREATMENT MAIN PURPOSE AND PROCEDURES
The proceduresof radiationtherapyconsistof a numberof steps,one of which is
conventionalor computer-aidedsimulationandthereaftercalculationandvisualization
of theradiationdosepatternthatwill resultof radiationbeamsis appliedto a patient.
All ofproceduresnamedastreatmentplanning[1].
2.
8.
..,J.
4.
5.
6.
7.
Duringtreatmentplanningdifferentbeamcombinationsare investigated.Usually the
beamsaresimulatedarefine-tunedthebeamweightsmightbeadjusted,wedgesadded,
differenttype and energy beam might be used, field size adjusted,different
normalizationsused and compensationchecked.The main intent is to producea
treatmentplanin theformof an isodosedistributionthroughoneor manytransverseor
otherplanesthatcanbeevaluatedbythephysicianandapprovedormodifiedTreatment
plandescribethefollowingcharacteristicsaboutthepatient'streatment[4].
1. Prescriptionisodoseor depth(i.e.,the%97lineor at3 emdeep)- givesthe
locationwheretheprescribed oseis tobegiven.
Definitionof interestrelatingtotreatmentvolumes.
Beamweighs-therelativedosedeliveredtotheprescriptionornormalization
pointbyeachbeam.
Presenceof beammodifiers(wedge,customblock,compensationfilters)
Sizeandshapeof eachfield(collimatorsettings)
SSD of eachfield.
Presenceof "in homogeneities"- volumesthatarenotwater/ soft tissue
equivalentfor which dosemightneedto be corrected(lung, bone,metal
prosthesis)
Numberof monitorunitsor amountof exposuretimethatmustbesetonthe
machineforeachbeam.
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DoseSpecification:
Componentsof doseprescriptionfor a patienttreatmentcourseincludethe patient's
name,clinic protocolnumber,treatmentsite,radiationbeamtypeandenergy(photons
electrons),prescriptionpoint location,dosePer fraction,numberof fractionsandtotal
dose.Thepointof prescriptiondefinesthelocationwithin thepatientbodywheredose
is to be deliveredand, thus, definesthe geometricpoint for dose computation.
Prescriptionpoint selectionandadditionalrecommendationsfor prescribing,recording
andreportingvolumesof interestarespecifiedbyICRU 50[4].
ICRU 50 definesfive volumesof interestrelatingto treatment.The definitionsarethe
following:
• Gross tumorvolume(GTV): GTV is thevolumethatcontainsthe
grosspalpableor visible extentandlocationof malignantgrowth.
GTV maybeidentifiedona simplecontour,aradiographor sectional
Images.
• Clinical targetvolume(CTV): CVT is thevolurnethatcontainsthe
GTV andanysuspectedmicroscopicdisease.The CVT is thevolume
thatmustreceivetheprescribedosetoeffectcureorpalliation.
• Planningtargetvolume(PTV): PTV is a volumethatcontainsthe
GTV andCTV thatis definedto accountfor theirradiationgeometry
andall uncertaintiesin treatment,suchasorganandpatientmotions
andset-uperrors.
• Treatedvolume(TV): The TV is thevolumeenclosedby a selected
(prescribed)isodose surface and is function of the treatment
geometryrequiredfor planningthePTV. For anacceptableplanthe
TV will be greaterthanthePTV althoughan idealTV: PTV ratio
would be 1,0, indicating perfect conformation(assumingthe
locationsof thevolumeswereidentical).
• Irradiatedvolume (IV): The IV is a volume that receives a
1significant"dose,wherethesignificanceis determinedbymorbidity
orothermeasures.
DoseRecordingandReportingRulesThe ICRU recommendationsfor doseincludea
pointfordosecomputationandindicatorsof dosehomogeneity.TheReferencepointis
a pointwith in the PTV at which dose is specified.The criteriafor selectingthe
Referencepointarethat.
Thedoseatthepointis clinicallyrelevantandrepresentativeof dosein PTV.
• Thepointis easilydefinedbyanatomyorgeometry.
• Thedosegradientatthepointis of steep.
Withthesecriteria,suitablepointlocationsincludethecenterof PTV, nearthecentral
axis,orwheretumorcell densityis a maximum.In manycases,theisocenterhasthese
characteristicsandservesastheReferencePoint.
Dosehomogeneityis alsoto bereportedandis representedas isodoseline, (2D, 3D or
surfaces)andmaximumandminimumdosesin thePTV.
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Together,thereference,maximum,andtheminimumpointdosesrepresenthedoseto
thePTV as,well asthevariationin thatdose.
DoseReportingfor DifferentTeclmiques:ICRU 50 demonstratesits recommendations
for threelevels of complexity,singleplaneplans,multipleplanes,and 3Dvolume
studies.In eachcasethe ReferencePoint doseis computedand the maximumand
minimumpointdosesareestimatedor computed.Isodosedistributionis computedif a
contourplaneormultipleplanesareacquired.
BeamNomenclature
When using a complex field arrangementit can be difficult to describebeam
orientation.Generally,a systemhas beendevelopedto allow this descriptionto be
simplydone.Simplebeamsarenamedtheiranatomicpositions.ExamplesincludeAP,
PA, Rightlateral,left lateral.For morecomplexbeamsacoordinatesystemmaybeused
[3].
Importanceof PlanningProcedures:Thepurposeof treatmentplanningis 2- fold.Oneis
topredict,aspartof thedoseplanningprocess,whatdosedistributioncanbeachieved
witha selectedbeamarrangements.Anotheris to recordwhatdosehasbeengivenso
thatpost-treatmentanalysiscanbecarriedout.Bothof theseareimportant[2].
Theproductionof radiationdosedistributionsis thiscentralto treatmentplanningand
mustbe completed,at leastto someextentfor everypatient.It is a labor-intensive
procedureandis appropriateforcomputerapplication.
Anotherstep, that is part of treatmentplanning.Includeschoosingthe processis
frequentlyreferredto as"optimization".It is usuallydoneusuallyby trialandselection.
Therehasbeenonlylimitedsuccessin applyingcomputerstothisprocedure.
Thelimitasto howhighthedoseatthetargetvolumemaybesetby thedoseinevitably
givento sensitivehealthytissues.Too higha dosemayresultin seriousinjuryandthis
wouldbeanunacceptableconsequenceof thetreatment.Prescriptionsin radiotherapy
arebasedon theneedfor this compromisebetweenlikelihoodof tumorcontroland
inducedcomplications[7,9,10,11,12].
Unfortunately,we havelittle quantitiveinformationaboutthesecurves.In general,we
knowthemonlyqualitatively,butwheretheyareknown,fromanimalexperiments,and
afewhumansituations,theylookmuchlikestheonesshown.
Notethatthequantitybeingdiscussedhereis thedosedeliveredto thepatientandthis
includesall the sourcesof errors involvedwith machinedose calibrations,dosage
calculations,planningthetreatment,andcarryingit out.
If thedesiredaccuracyof ±5 % is to beachievedin theendresult,eachstepmustbe
consideredwithcareandeachmustinvolveerrorsconsiderablylessthanthe±5%.
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SingleFields:
Treatmentby a singlebeamis seldomusedexceptin somecasesin whichthetumoris
superficial[3]. The followingcriteriaof acceptabilitymaybe usedfor a singlefield
treatment:
1. The dose distributionwithin the tumorvolumeis reasonablyuniform (e.g.
within±5 %).
2. The maximumdoseto thetissuesin thebeamis notexcessive(e.g.Not more
than110% of theprescribedoseand,
3. Normal critical structuresin the beamdo not receivedosesnearor beyond
tolerance[3].
Fortreatmentof mosttumors,however,acombinationof twoormorebeamsis required
for an acceptabledistributionof dosewithin the tumorand the surroundingnormal
tissues.Althoughradiationfieldsmaybecombinedin manyways[1].
ParallelOpposedFields:
Thesimplestcombinationof two fieldsis a pair of fieldsdirectedalongthesameaxis
fromoppositesidesof the treatmentvolume.The advantageof theparallelopposed
fieldsis thesimplicityandreproducibilityof setup,homogeneousdosetothetumorand
fewerchancesof geometricalmiss (comparedwith angledbeams).A disadvantageis
theexcessivedoseto normaltissuesandcriticalorgansaboveand belowthetumor
[1,4].SuchanexamplehasbeendiscussedattheChapter9withmanualmethods.
MultipleFields:
Oneof themostimportantobjectivesof treatmentplanningis to delivermaximumdose
tothetumorandminimumdoseto thesurroundingtissues.In additiondoseuniformity
withinthetumorvolumeandsparingof criticalorgansareimportantconsiderationsin
judgingaplan.Someof thestrategiesusefulin achievingthesegoalsare:
1. Usingfieldsof appropriatesize.
2. Increasingthenumberof fieldsorportals.
3. Selectingappropriatebeamdirections.
4. Adjustingbeamweights(dosecontributionfromindividualfields).
5. Usingappropriatebeamenergy.
6. Usingbeammodifierssuchaswedgesandcompensatorfilters.
Althoughobtaininga combinationof theseparameters,whichyieldsanoptimalplan,is
timeconsumingif donemanually,treatment-planningcomputersareavailable.Someof
thesesystemsare highly interactiveso that the user can almostinstantlymodify,
calculateand examinevariousplans to selectone that is clinically superior[4].
Reductionof doseto subcutaneoustissueandnormaltissuesurroundingthetumorcan
beachievedby usinga combinationof threeor morefields.Thus, by usingmultiple
fields,theratioof thetumordosetothenormaltissuedoseis increased[8].
Althoughmultiplefields canprovidegood distribution,thereare someclinical and
technicallimitationsto thesemethods.For example,certainbeamanglesareprohibited
becauseof a treatmentmay be betterwith parallelopposedthanwith themultiple
angledbeamarrangement.It is therefore,importanto realignthattheacceptabilityof a
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treatmentplan dependsnot only on the dosedistributionon paperbut also on the
practicalfeasibility,setupaccuracyandreproducibilityof thetreatmenttechnique[1].
IsocentricTechniques:
Mostmodernmachinesareconstructedsothatthesourceof radiationcanrotateabouta
horizontalaxis. The gantryof the machineis capableof rotatingthrough360 with
collimatoraxismovingin a verticalplane.The isocenteris thepointof intersectionof
thecollimatoraxisandthegantryaxisofrotation[1].
Theisocentrictechniqueof irradiationconsistsof placingtheisocenterof themachine
at a depthwithin thepatientand directingthebeamsfrom differentdirections.The
distanceof thesourcefromtheisocenter,or theSAD, remainsconstantirrespectiveof
thebeamdirection.However,theSSD in thiscasemaychange,dependingonthebeam
directionandtheshapeof thepatientcontour[4].For anybeamdirection,thefollowing
relationshipholds:
SSD =SAD-d (3,3)
Whered is thedepthof theisocenter.TheSSD valuecanbecalculated,if thedepthand
thepositionof isocenterfromonedirectionareknown.
RotationTherapy:
Rotationtherapyis a specialcaseof theisocentrictechniquein whichthebeammoves
continuouslyaboutthepatientis therotatedwhilethebeamis heldfixed.Thetechnique
offerslittle advantageover the isocentrictechniqueusingmultiplestationarybeams.
Especiallywhenintricateblockingis required,rotationtherapyshouldnotbeattempted
[4].
Rotationtherapyis bestsuitedfor small,deep-seatedtumors.Calculatingfor rotation
therapycanbemadein thesamewayasfor thestationaryisocentricbeams,exceptthat
areasonablylargenumberof beamsshouldbepositionedaroundthepatientcontourat
fixedangularintervals[2,3].
CorrectionsFor Contour Irregularities:
Basicreferencedosedistributiondataareobtainedunderstandardconditions,which
includehomogeneousunit densityphantom,perpendicularbeamincidenceand flat
surface.Duringactualtreatment,however,thebeammaybe obliquelyincidentwith
respectto thesurfaceandin additionthesurfacemaybecurvedor irregularin shape.
Undersuchconditions,thestandardosedistributionscannotbeappliedwithoutproper
modificationsorcorrections[I].
Generallythreemethodsare used to correctcontour irregularities:effectiveSSD
Method,TAR Method,Isodoseshiftmethod[13].
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Correctionsfor Tissuein Homogeneities:
Applicationof standardisodosechartsanddepthdosetablesassumehomogeneouswlit
densitymediwn.In a patient,however,thebeammaytransverselayersof fat, bone,
muscle,lungandair. The presenceof thesein homogeneitieswill producechangesin
thedosedistribution,dependingontheamountandtypeof materialpresentandonthe
qualityof radiation.
Generally,threemethodsof correctingfor in homogeneities:TAR Method,PowerLaw
TAR Method,andEquivalentTAR Method[6,7,9,10,11,14,15,16].
FieldShaping:
Shieldingof vitalorgansandtissueswithinaradiationfieldis oneof themajorconcerns
of radiotherapy.Considerable ffortis spentin shapingfieldsnotonlytoprotectcritical
organsbutalsoto avoidwmecessaryirradiationof thesurroundingnormaltissue.
Theshapingof fieldsis madewithshieldingblocksor therapymachinewith equipped
multileafcollimatorsystemandasymmetricjaws andmulti1eafcollimators[1,5,8].
3.4. ACQUISITION OF PATIENT DATA
Accuratepatientdosimetryis onlypossiblewhensufficientlyaccuratepatientdataare
available.Such dataincludebody counter,outline,and densityof relevantinternal
structures,location,andtheextentof thetargetvolume.Acquisitionof thesedatais
necessarywhetherthe dosimetriccalculationsare performedmanuallyon with a
computer.However, this importantaspectof treatmentplanningis often executed
poorly[4].
Localizationof internalstructuresfor treatmentplanningshouldprovidequantitative
informationin regardto the size andlocationof criticalorgansor in homogeneities.
Althoughqualitativeinformationcanbeobtainedfromdiagnosticradiographsoratlases
of cross-sectionalanatomy,theycan not be useddirectlyfor preciselocalizationof
organ'srelativeto the externalcontour.In order for the contourand the internal
structuredatato berealisticto berealisticfor a givenpatient,thelocalizationmustbe
obtainedunderconditionssimilarto thoseof the actualtreatmentpositionandon a
couchsimilartothetreatmentcouch[2,3].
Transversetomography,computedtomography,magneticresonanceimaging,
ultrasonographcanbeusedforthelocalizationof internalstructuresandthevolume[1].
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4. MATHEMATICAL BACKGROUND AND EMPRICAL
METHODS
4.1. CALCULATION METHODS
Earlymethodsfor treatmentplanningusedisodosechartsproducedfrommeasurements
in waterphantomsandmodifiedtheseaccordingtopatientinformation[2].
It is conveniento considercomputerizedplanningalgorithmsin thissameway,firstly
byconsideringrepresentationsof beamsincidentuponahomogenousphantom.
Secondlyby consideringcorrectionfactory to be applied for patient shapeand
anatomicaldetail. Then 3D plans, optimizationsoftware, multileaf collimator
applicationsandlastintensitymodulatedradiotherapyapplications[2,3].
4.2. TWO-DIMENSIONAL CALCULATION METHODS
A trulytwo-dimensionalalgorithmis one,which will calculatethedosedistribution
onlyintwodimensions.
Mostalgorithmsarenotstrictlytwo-dimensional,in thattheyallowcalculationin other
planesparalleltothatdescribedabove.
Typesof 2D planningAlgorithms:
1. Fully MeasuredBeams,
2. PartiallyMeasuredBeams,
3. Empirical/Semi-empiricalMethods,
4. Semi-physicalmethod.
1. Fully MeasuredBeams.(Matrix Method):
It ispossibletopre-determineachandever-possiblefieldarrangements.Whichis tobe
usedwithin a center,andto "full measure"eachfield.The finerthematrix,thegreater
thesizeof theresultantdataset.Dosesatpointsotherthanmatrixpointmaydederived
byinterpolationfromsurroundingvalves[6].
Wedgefieldsmustbeconsideredasseparatedataentries.Any suitablematrixgeometry
maybeused,e.g.a divergingmatrix[7,9,10].
Forthismethod,only thosefield sizesfor which dataexistsmaybe calculated.No
moderncomputerizedplanningsystemusesafullymeasuredapproach.
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2. Partially MeasuredBeam:
Theuseof interpolationmaybeextendedtoreducethedatarequirements.
Suchinterpolationwill be relyaccuratevenfor a widelyspaceddatapointswhenthe
radiationdosevariesslowly and smoothly,but the algorithmgeometrymustallow
closerspacingfor rapidvariationsin dose[10,11].
Thedoseatanypoint(x, y)within thefieldmaybedetermined.
RelativeDose(x,y)=Depthdose(y)*Projile(x,y) (4,1)
Depthdose(y)factorsand Profile (x, y) factorsthannon-measuredfield sizescanbe
foundbymeansof interpolation.
Themodelmayalsobeextendedtoathirddimensionwitha secondprofileterm,profile
(z, y) factor.The modelhasalsobeenmodifiedto allow variablesparingof fan-lines,
allowingconcentrationwith in theedgeof thefield(penumbralregion)[8].
3. Empirical andSemi-empiricalGenerators
Depth(y) and Profile (x,y) factormaybe representedby an empiricalmethods.For
Depth(y), themathematicalformulaemustallow for inverse-squarevariationin air, a
TAR factor,andsuitablenormalization[16].
Similarly,avariousgeneratorfunctionshavebeensuggestedfor theprofile(x,y) factor.
Themodelof sterlinggeneratedtheprofileby a compositeof separatefunctionsto fit
thein-field,penumbrandouter-fieldregions[13].
4. Semi-physicalMethods
Semi-physicalgeneratoris theprimaryandscatterseparationmodel,as proposedby
Cunninghamin thismodel[17].
Dose(x,y)=Primary(x,y)+Scatter(x,y) (4,2)
Primary(x,y) canbefoundusingfielddiameterzero(nonscatter)TAR andcorrections
ofinverse-squareuleandnormalizations.
Scatter(x,y)dependsnotonlyondepthandfieldradius,butalsoonpositionwith in the
irregularshapeof the field. It maybedeterminedfromtabulatedvaluesof S (y, r) by
scatterintegrationmethods.In all of thesemodelsmustbeusedfor methodsto correct
forextemalshape.Thereareseveraltechniquesareused.
Theseare:Linear attenuationcoefficientmethod,effectiveSSD method,Ratio TAR
Method.In addition several methodsare used for to correct for intemal in
homogeneities[14,15,17].
Theseare:Generalizedmethods(which similar linear attenuation,effectiveSSD an
RatioTAR) andPower-Lawcorrectionmethod.
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SummaryandImplantationof theCommercialSystems:
Nowadays,of the various modelspresentedbeing basedup on interpolationsof
measuredata,accurate.
Considerationshouldbe given,however,to situationswheresuchdatamaynot be
applicable,i.e., wherescattermaybe expectedto change.For example,to the dose
beneathleadblocks,outsiderectangularfieldsorwhenusingirregularfieldshapes.
Theprimary/scattermodelhasalsobeenimplementedin a numberof systems.It relies
on theaccuracyby whichparametersarefittedto measuredatato generateits fields
[1,2,3].
Of thecorrectionmethodsdiscussed,thepower-lawmethodis themostpowerfuland
generallythemostaccurate.Evenwith this correction,calculationerrorsmayexceed
%5,particularlywith in homogeneitiesof relativelylow density,evenforpatientswhere
thelimitationsof 2D planningarenototherwiseover-restrictive.
4.3. 3D CALCULATION METHODS
Thevariousformsof 3D algorithmsdifferin theirrelianceonmeasuredatdata.
Somemodelsma1cextensiveuseof datain theformof look-uptables(depthdoses,off-
axis ratios, primary ratios), and may be consideredas extensionsof "partially
measured"2D models.Othersareextensionsof "semiphysical"2D modelsandlastly
Monte-Carlobasedmodels[1,2,3,4].
ExtensionsFrom 2D Models.
1. Off-Center Ratio Models:
In thismodel;
Dose(d,x,y)=D(d) *OCR *MF (4,3)
DoseD (d) is thedoseat depthd onthecentralaxis,MF is a factoraccountingfor the
presenceof beammodifier,(wedge,blocks,compensator),andOCR is a compositeoff-
centerfactor.Themodelreliesheavilyonmeasuredata[3,14].
OCR is acompositeoff-centerfactorthattakesaccountof:
a. Variation in dosewith radial distancefrom the nominalbeamcentral
axis, accountingfor 'horns'andvariationin beamenergy(penetration)
with radialdistancea 'PrimaryOff-CenterRatio'POCR [1,4,18].
b. Variationsof dosewith respecto positionwithinthebeam,accounting
for the fall-off of doseat field edgesand scatteroutsidethe field a
'Boundary'termBT [1,4,18].
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TheOCR is afunctionof depth,fieldsizeandposition,anageneralformit is;
OCR (d,x,y,W,H)=POCR(d,r)*BT (d,W-x)*BT (d,H-y)
whereW, H arethefieldwidthandheight.
2. ScatterIntegrationsModels.
(4,4)
The doseat any point within a mediummaybe consistedof primaryradiationand
scatteredradiation,wherethelattermaybefromfirstscatter,secondscatterormultiple-.
scatter.Therearevariousmathematicalndanalyticalmodels.ThemodelsreliesTAR,
TPR andSAR, SPR data[5,17].
3. Monte Carlo Calculations.
MonteCarlo Calculationsarebaseduponthegenerationof randominteractionswithin
the medium.As Monte Carlo Calculationsareprobabilitybased,it is necessaryto
calculatea largenumberof individualphotonandelectronhistoriesin orderto achieve
levels of accuracyrequired for treatmentplanning.Each history requiresmany
calculationsto complete.The overalltime is therefore excessive,evenfor today's
computersand Monte Carlo techniquesare not directlyemployedin present-day
planningsystems[3].
4. Convolution/ SuperpositionModels.
Thebeamspreadfunctionor pencilkernelis effectivelya two dimensionaldistribution
of doseresultingfromtheapplicationof a narrowpencilbeam.Thepencilbeamkernel
maybederivedby Monte Carlotechniquesor bythedeconvolutionof measuredbeam
profiles.Recentlydifferentiatedpencil beamkernelsderivedfrom theseapproaches
[3,14,15,18].
For usein treatmentplanningapplications,an intensitydistributionfunctionI (x', y')
(inequation4,5)withina planeatdepth(z) beingderivedby convolvingthis intensity
distributionwiththeappropriatebeamspreadfunctionK (x,y):
Dose=D(x',y',d) = ffJ(x',y'). K(x - x',y - y')dxdy (4,5)
ThisintegrationmaybeevaluatedusingFast-FourierTransformcalculations.Thepencil
beamkernelmaybe derivedby MonteCarlo techniques,or by thedeconvolutionof
measuredbeamprofiles.[1,4, 14,18].
Thepencilbeammodehasfoundextensiveusein electronbeamplam1ingandalsoto
determinethecorrectionfactorrequiredintheuseor irregularorblockedfields.
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4.4. DEFINED AXISES FOR CURIE PLAN
Theoperationswhichdrawgraphicobjects(forexamplebeamportals)intoviewsrely
onanumberof coordinatesystemtransformations.Coordinatesystemsaredefinedthat
describestheprincipaltransformationsinvolvedin theseoperations.Thecoordinate
systemdefinitionsusedby Curieplanlargelyagreewiththosediscussedin [17].Unless
otherwisespecified,thescaleis in centimetersandangulartransformationrotationsin
thepositivedirectionarecounterclockwiseasseenfromthepositiveaxis,looking
towardtheoriginof thecoordinatesystem.Curieplanmakesuseof thefollowing
coordinatesystems:treatmentroomspace,gantryspace,collimatorspace,couchspace,
patientspace,viewplanespace,andscreenspace.Objectswithagraphicextentare
definedin oneof thesecoordinatesystems,andtheircoordinatesmaybetransfonned
betweensystemsforthepurposesof graphicdisplay.
4.4.1. TREATMENT ROOM COORDINATE SYSTEM DEFINITIONS
Theoriginof thisspaceis atthetreatmentmachineisocenter.Thex-axispointstothe
rightwhentheviewerfacesthetreatmentmachinegantryprotractor,they-axispoints
directlyup,andthez-axisis theaxisof gantryrotationandpointsdirectlyawayfrom
themachine.Seefigure4.1.
y
Machine
z
x
Couch
Figure4.1:Thetreatmentroomcoordinatespace
4.4.2. GANTRY COORDINATE SYSTEM DEFINITIONS
Theoriginof thisspaceis atthetreatmentmachineisocenter.Thex-axispointstothe
rightwhenfacingthetreatmentmachine,they-axisis theaxisof gantryrotationand
pointsdirectlytowardthemachine,andthez-axispointsdirectlytowardthebeam
source.Thegantryspaceis obtainedfromthetreatmentroomspacebyrotating90
degreesaboutthexaxisandthenrotatingbythegantryangleg aroundthenewy-axis.
Seefigure4.2.
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Figure4.2:TheGantrycoordinatespace
4.4.3. COLLIMATOR COORDINATE SYSTEM DEFINITIONS
Theoriginoftrusspaceis thetreatmentmachineisocenter.Thex-axisandy-axisare
rotatedfromtheircounterpartsin thegantryspacebythecollimatoranglec,andthez-
axispointstowardthebeamsource(theapparentsourceof theradiationbeam).See
figure4.3.
e
z
c
x
y
Figure4.3:TheCollimatorcoordinateSpace
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4.4.4. COUCH COORDINATE SYSTEM DEFINITIONS
Theoriginof thisspaceis thetreatmentmachineisocenter.Theyaxispointsdirectlyup,
andthex-axisandz-axisarerotatedfromtheircounterpartsin thetreatmentroomspace
byaturntableangle1.Seefigure8.
y
x
..............................,
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Figure4.4:Thecouchcoordinatespace
4.4.5. PATIENT COORDINATE SYSTEM DEFINITIONS
Thepatientspaceis describedin Section2.1,andillustratedin figure2.Theaxesof the
patientspaceareparalleltothoseof thecouchspace.Thelineardisplacementsbetween
theoriginof thepatientspaceandthetreatmentmachineisocenterareusedin
subsequentcoordinatesystemtransformations.Seefigure4.5.
y
Figure4.5:ThePatientcoordinatespace
27
x
4.4.6. VIEWING COORDINATE SYSTEM DEFINITIONS
This spaceis a singleplanarcrosssectionalview of thepatient.Threekindsof cross-
sectionalviewsareprovidedby theCuriePlansystem:transverse,sagittalandcoronal
views.Theseareplanesthatarenormalto thepatientspacez-axis,x-axisandy-axis,
respectively.Associatedwitha viewplaneis a twodimensionalcoordinatesystem,and
a scalarvaluedeterminingwhichplanein patientspacecorrespondsto theviewplane.
The origin in theview planeis theintersectionwith theplaneof a line normalto the
planeandthroughthepatientorigin.Section2.18describesthesethreeviewcoordinate
systems.
4.4.7. SCREEN COORDIt~ATESYSTEM DEFINITIONS
This spaceis a two-dimensionalspace,which representsthe windowon the display
console.The origin of this spaceis in theupperleft comerof thescreen.The x-axis
pointsto therightandthey-axispointsdown.Furthermore,thescaleis in pixels,rather
thancentimeters.Screenspacecanbederivedfromview spaceby invertingthey-axis
andrescaling(describedbelow).Seefigure4.6.
x,..-----...•.......................
y:
....................................................
Figure4.6:Thescreencoordinatespace
4.5. USED GEOMETRIC TRANSFORMATIONS AND THEIR DERIVATIONS
Thenaturalcoordinatesystemfor describingbeamsis collimatorspace.Most other
graphicalobjects,like anatomy,tumors,andpoints(referredto below as contouror
pointbased),aredefinedin patientspace.The coordinatesof thesestructuresmustbe
transformedto view space(andthento screenspace)for theappropriateview being
displayed.The drawingtransformationscanbe dividedintothreecategories:thosefor
transverseviews,thosefor sagittalandcoronalviews,andthosefor beam'seyeviews.
In eachcategory,differentmechanismsareresponsiblefor drawingthebeamsandthe
structuresdefinedin patientspaceintotheview.The x-originandy-originattributesof
aviewaresetbytheinitializationcodefor eachtypeof view,accordingtothevalueof
thetablepositionattributeof the plan containingthe view. This defaultfor cross-
sectionalviewsis thatthetablepositionpointappearscenteredin theview.The origin
is thereforecomputedby the followingformulas,where,in each,x 0 is thex-origin
value,x pix is half theview windowwidthin pixels,x patis thex coordinateof the
tableposition,and S is the scalefactor in pixels per centimeter.Similar subscript
conventionsholdfor they andz coordinates[19].
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For transverseviews,
Xo =xpix - X pat . S
Yo = Y pix - Y pat . S
(4,6)
(4,7)
To drawa beamintoatransverseview,oneneedsto transformthebeamportalcontour
fromcollimatorspaceto screenspace.This involvescascadingthefollowingsequence
of transformations:
Collimator--7 gantry--7 room--7 couch--7 patient--7 view--7 screen
Thesestepscanbeperformedbythefollowingdetailedtransformations:
1. Fromcollimatortogantry,rotateaboutz by8c
Xgal//I)' =Xcoll . cosBe:- Ycoll . SInBe:
Y gal/try =Xwll •sinBe: +Y coli . COSBc
Z =Z
gal/try coli
2. Fromgantrytoroom,firstrotateabouty by 8g
Xtelllp = X gaJllry •cosB g - Z galllry . sinB g
Y temp =Y gantry
Thenrotateaboutx by90°:
X room =X temp
Y roolll =Z temp
Z rOlJ1J1 =-Ytemp
3. Fromroomtocouch,rotateaboutyby 8t:
X e:ouch=X roOIll . cosBt - Z roolll . sinBt
Y couch =Y room
Z couch =X 1'0011I • sinBt +Z roOIll . cosBt
(4,8)
(4,9)
(4,10)
(4,11)
(4,12)
(4,13)
(4,14)
(4,15)
(4,16)
(4,17)
(4,18)
(4,19)
4. From couchto patient,displaceby the distancefrom the treatmentmachine
isocentertotheoriginof patientspace:
X I'll! =xcouch -lat
)! =Y - htpal couch
Z - Z -longlUll - cotlC:/1
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(4,20)
(4,21)
(4,22)
where lat, ht, and long are the couch lateral, height, and longitudinal
displacementsrespectively.
5. The transformationsfrompatientto view spaceandview to screenspaceare
discussedabove.Notethatin thiscase,thepatiento view spacetransformation
is notentirelytrivial, sincethedisplacementof theview alongthez-axishasa
bearingon which part of the beamportalintersectsthe view. Also notethat
betweenthesetwo transformations,an intersectionof the beamin view space
with theviewitselfis performed.Thebeamportal,whichis athreedimensional
rectangularpyramid,is intersectedwith the planeof the view, and the line
segmentscomprisingthis intersectionare thentransformedto screenspace.
Look ref [19]fordetailsof theintersectionoperation.
If theview spacecoordinatesof the isocenterandbeamsourceis unequal,thecentral
axiswill crosstheplaneof theviewsomewhere.Thex andy coordinatesof thepointof
intersectioncan be computedvia a similartrianglescalculationinvolvingthe bean1
sourceandisocenterin viewspace:
X isee - X,-rc Zisee - Z,'rc=
Xi,\'(} - X",rc Zi.l'o -z,.,.c
(4,23)
whereXisec andZisec arethex andz coordinatesrespectivelyof the intersectionof the
centralaxis with theview plane,Xsrc andZsrc arethex andZ coordinatesof thebeam
sourcetransformedintoview space,andXiso andZiso arethecoordinatesof theisocenter
transformedinto view space.SinceZiso = 0, theequationcanbe solvedfor Xisec . The
casefor findingthey coordinateof thepointof intersectionis similar.This pointof
intersectionis thentransformedintoscreenspaceanddisplayed[19].
If neitherof thesecasesapplies,thenthesourceandisocenterpointsmustbeparallelto
andnot coincidentwith theplaneof theview, andwill neverintersectheplane,so
nothingis drawn.
. . - -
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5. PROGRAMMING STRUCTURE AND CLASSES
5.1. DESIGNEDCLASSESAND THEIR MEMBERS
CuriePlan hasmanyclassesto makeitsjobs. Additionally,someexternalclassesare
alsousedformakingsomecomplicatedjobs.Seefigure5.1forcompletelist.
F ~;~~~~~~~J
,:+;...-r: CAbouWlg
it.'·· -:: CCellID
[~: .-:: CCeURange
[;.: .-:: CChildFrarne
if - .:~ CComboEdrt:
it: -:: CCU"jp..App
i:i": -:: CCurieChildFrame
(~+.-:: CCurieDoc
i:+:'-:: CCurie\liew
l+i -:: CDrawApp
i:to .. -:: CDrawItern
ft.:·· -:: CDrawObj
it: -:: CDrawOleOb;
r.~i··-:: CDr.,wPol~1
l:t-'-'-:: CDrawRed
l~'.~ CDrawTool
i:+'" -:: CGridCeD
(+:... -:: CGridCe1l8ase
[+: -:: CGridCenCornbo
i:+.' -::: CGridCtrl
,-+: -:: CGridOefaultceU
l~- ,-:: CGridDrop Target
l:i+'-:: CGridURlCel1
:t:··.:~ CInPlaeeEdit
j~; -:: ClnPlacelist
[:.. -:: Ciso20vY,
i+ -:: U'1ainFr orne
it, -:: OilernDC
j+: .:~ (Organ
1:+:. -:: COl'gCntrOeo,
j." -:: COrgCntr"lJew
'+ -;:: cOrGrdOlg
if: -:: CPolyT 001
i~:·--:~(RedDig
i~i'--:: CRectT 001
i:+ --:: (SelectT 001
,+ ,--:: Clltlelip
,~ --:: datahub
.....-:) ICurie
".,....•.•:) IlnpField
L+,---:: InpField
'+ -,: InpFId"Jm
•..,",> logldlg
..-(> loglrnydrw
_0 lOrgCntrDoc
..-';)IOrgCntrVie'N
._:J IOrGrdDlg
j:f" .::~
.+. -;:: oglrnydrw
i+, .:; ogls:hape
i+:' -;:: readOIJt
,. ':~ tagGI'_CACHEHlI'JT
::t' -;:: tagG"'_DISPJr-JFO
i+ -:: tagN""_GRID'.JIE'.JoI
i;+: .;:: URlStruct
.+ -;:: viewdlg
,•..CJ Glob.l,
Figure5.1:ClassandStructureList
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StruetGV ITEM:
This structureis used for Get/SetItemcalls. It IS a sub datastoragestructurefor
CgridCtrl.
_GV_ITEM {
row,col;
mask;
state;
nFormat;
typedef struct
int
UINT
UINT
UINT
CString
int
COLORREF
COLORREF
LPARAM
LOGFONT
} GV_ITEM;
ClassCaboutDlg:
szText;
iImage;
crBkClr;
crFgClr;
lParam;
lfFont;
II Rowand Column of item
II Mask for use in gettinglsetting cell
II cell state (focus/hilighted($) etc)
II Format of cell. Default used.
II CDC: : DrawText formats
II Text in cell
II index of the list view item's icon
II Background colour (or CLR_DEFAULT)
II Forground colour (or CLR_DEFAULT)II 32-bit value to associate with item
I I cell font
This class is designedfor Main Application'sAbout box control. It shows simple
versioninformationof theCurieApplication,its icon,OK andCancelControlButtons.
ClassCeellID:
This is a handyhelperclassusedto referenceindividualcells.All membersarepublic.
It is a partof MFC Grid Control.This classis adaptedfromJoe Willcoxsonsoriginal
implementation.
ClassCeellRange:
This is a handyhelperclassusedto referencecell ranges.It is a partof MFC Grid
Control.This classis adaptedfromJoe Willcoxsonsoriginalimplementation.
ClassCehildFrame:
Thisclassis designedfor framewrapperforContourEditor.
ClassCeomboCell:
Thisis aninplaceactiveComboBox Cell. It is apartof MFC Grid Control.
ClassCeurieApp:
Thisis themainapplicationentrypoint.ApplicationClassis thefirst entryFramecall
pointof FoundationClass.Necessaryinitializationsbeforeany applicationwindow
openingis doneby this class.Documentemplatesarecreatedandthisclassdoestheir
memoryallocations.Also basicfile managementevents(FileOpen,FileSaveAsetc.)are
handledandnecessaryvariableinitializingis carriedoutrespectively.
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ClassCcurieChildFrame:
This classis designedfor framewrapperfor Isodose2D view andtextlog file view
class.
ClassCcuriDoc:
ApplicationPatientdataoperationsarehandledby CcuriDocClass.This classmanages
patientfile storagework,ini file andlogfile. Also it doescoordinationof viewclassof
2D Isodoseviewandlogview.
ClassCcurieView:
This Classhandleslog view eventscomingfromtheoperatingsystem.It hasa base
classCeditViewof FoundationClass.Scrolling,fontmanagementandotherrequired
jobs aredoneby theFoundation.Usercannoteditlogtext.Log textandits associated
filesareusenotonlyfor information,alsousedfor securitypurposes.
ClassCdrawltem:
Usedfor storing,deletingandmanipulatingof contournodes.Nodesof Contours(or
polylines)are stored in a pointer list. TheseList items are storedin to memory
dynamically.Adding morethanallocatedpointmemorycausesautomaticincreaseof
memoryallocation.
ClassCdrawObj:
Basicattributesof thecontours(likeitscolor,boundingbox,filling typeif existetc.)are
definedandmanipulatedhere.It supportsdynamicclassgeneration.
ClassCdrawOleObj:
AddsOLE eventhandlingto CdrawObjclass.In this project,this featureis notused.
But externalOLE objectscanbe takeninto documentin the feature.This Class can
renderOLE objectbothfor screenandhardcopydevicessuchasplotters,printersand
others.In placeactivationcanalsobeeasilyactivatedin theproject.
ClassCdrawPoly:
Basic geometriccalculationsand data serializationis carried out by this Class.
Intersectionareabetweengivenrectangleandtheactivepolylineregionis determined
by theintersectionpublic memberfunctionof this class.Also a givenpointto a line
segmenthat is a part of active contour or polyline, distanceis calculatedby
CalcDistancepublicmemberfunctionof thisclass.
ClassCdrawTool:
Thisclasshandlesselection,editingandcreationof drawingcontoursworksinitially.
Thisclassredirectsthe necessaryeventmessagesto their correcthandlers.Mainly
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mousemovements,mouseclicks andlastmousepositionsarestoredandredirectedto
CselectToolandCpolyToolClasses.
ClassCgridCellBase:
This classis thebaseclassfor all gridcell classes,andholdstheinformationfor each
cell. The classalsodefinesa numberof methodsthatarecalledby thegrid itself,such
as drawingandprinting.Almostall methodsandfunctionsarevirtualandtInsclassis
not designedto be useddirectly- ratherit shouldbe derivedfrom.The defaultclass
CGridCell is derivedfromCgridCellBaseandis usedbytheGrid controlasthedefault
cellclass.It is apartof MFC Grid Control.
ClassCGridCell:
This classis derivedfromCGridCellBaseandprovidesa defaultimplementationforuse
withCGridCtrl.It is apartof MFC Grid Control[20).
ClassCgridCellCombo:
The grid cells canbe of anytypeas longastheclassis derivedfrom CGridBaseCell.
Includedwith the packageis a CGridCell classthathandlesbasicdatastorageand
editing.ExtensionssuchastheCGridCellComboandCGridURLCell classdemonstrate
howtocreateyourowncell classes.
ClassCgridCtrl:
This class is Control Class of Grid Control. Necessarycommunicationsbetween
applicationandthegridis carriedoutbytlllsclass.By Notify methodof Eventhandling
mechanism,backwardmessagescanbesendto applicationfromgridcontento owner.
Keyboardandmouseinputsarefilteredfirstbythegriditself.
Class CgridDefaultCell,
ClnPlaceList
ClassCiso2Dvw:
CgridDropTarget, CgridUrICell,CinPlaceEdit,
2Dimensionalplanerisodosecurvesaregeneratedin thisclass.And curvesaredrawnto
screenby line segments.In this class5 zoomlevelscanbe appliedto bothscreenand
printeroutput.In additionto these,alsocreatedcontoursand somebasicnecessary
valuesaredrawn.By mouseclick,wholedrawingareacanbeshiftedup,down,leftand
rightdirections[19,20).
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ClassCmainFrame:
It createsmain applicationwindow.It is derivedfrom CMDIFrameFrameWnd.The
CMDIFrameWnd classprovidesthe functionalityof a Windows multipledocument
interface(MDI) frame window, along with membersfor managingthe window.
Member variablesare addedto the derivedclass to store data specific to Curie
application.Implementmessage-handlermemberfunctionsanda messagemapin the
derivedclassto specifywhathappenswhenmessagesaredirectedtothewindow.
ClassCmemDC:
This classcreatesa virtualmemoryDeviceContextfor screenoutput.But it cannotbe
usedforhardcopydevicessuchasprinters,plottersetc.Dynamicallycompatibledevice
contextis createdandfreedonthefly.
ClassCorgan:
Organizesthe Organand tumorcontoursandtheirattributes.Depthof cuttingplane,
presentorgansatthatdepth,theirselections,creationsareall doneby thisclass.A list
view showsavailableorgansat thatdepthto userandredirectsthesedatato contour
editorforeditingsession.
ClassCorgCntrDoc:
This classis derivedfromCdocumentbaseclass.It handlesCarchivepipesto serialize
diskfiles for readingandwriting.It canhandleClipboardfunctionsaswell. Cut,copy,
paste,deleteeditingactionscanbeusedbytheuser.And theirkeyboardacceleratorsare
alsosupported.It will bediscussedin detailin Chapter9.
ClassCorgCntrView:
Contoureditoruserinteractionsarehandledby thisclassmainly.It handlesmouseand
keyboardinformation.It createsnewcontourpolylinesfor differentorgantypes,edits
nodes,andaddsnewnodes.It will bediscussedin detailin Chapter9.
ClassCorGrdDlg:
It showsnumericaldataof thecontourpositions.In the featurerelease,usercanedit
thesevaluesmanuallyto obtainmoreprecisepositioning.Now it canbeusedonlyfor
verificationpurpose.
ClassCpolyTool:
Itsjob is to showelasticrubberbandto user.It connectstwo points.Thesetwopoints
generatea linesegmentof thecontourafterclickingthemouse.Mousemovementsand
mousebuttonsaresenttothisclassfromwindows.
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Class CrectTool:
Used for a rectangularselection.It selectsgroupsof objectsinside the selection
rectangular.
Class datahub:
This classis usedfor multipurposedatastorage.Patient,beam,contour,calculation
cube, gantryposition and couch position informationsare stored into this class
members.TreatmentMachinespecificinformationsarereadfromdiskfile.
ClassInpField:
Handlesbeamfield dialogeventsandits contents.It collectsbeamdatafromuser.It
handlesrequiredEditBoxspaces.
ClassInpFldNm:
This classis a Dialogbox controlclass.Takesselectedfield informationandsendsthis
informationto InpField class. It can handleup to 10 fields. Unavailablefields are
grayedout.Only definedfieldoptionscanbeselected.Fromkeyboardaccelerationlist,
usercanselecta field by pressingits numbersuchas 1,2... 10andpressEnterkeyto
selectit andclosethisbox.
ClassOgldlg:
This classis a OpenGL3D viewdialogcontrolclass.It handlesOnTimerevento draw
3D sceneto screenperiodically.Takesdrawingdatafromdatahubclass.
ClassOglmydrw:
Drawscomplicatedpartsof thetreatmentroomparts.Most importantpartsareWallsof
theroom,machinebase,machinearm,patientcouchandx, y, z axis.
ClassOglshape:
This class is a part of class implementationof Silicon GraphicsOpenGL primitive
drawingshapeslibrary.It drawssolidboxand3dlinesegment.
ClassReadout:
Reads,writesin andoutfiles of thepatientspecificinformation.Classreadsdatafrom
inandbeamdatafile to datahub.And it writesdatafromdatahubclasstodiskfiles.
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ClassViewDIg:
In the3D OpenGLderivedview,Objectselectionto viewis madeintothisclass.Reads
radiobuttonstatesfromDialogandsetsappropriatemembersof datahubaccordingly.
5.2. CLASS HIERARCHIES
Figure5.2:ClassHierarchies.
CmainFramederivedclassis theentrypointof this application.Datahubis connected
with otherview and edit classes.datahubclasscommunicateswith theseclassesby
using directpointer or Cdocumentconvention.Cdocumentcommunicationis very
usefulbecaseit handlesserializingtheinformation.
FieldEditorandContourEditor Classcommunicatewith DataHubin two ways.They
canreadandwritedatatodatahub.
2Disodoseand3D OpenGLviewclassescanonlyreaddatafromdatahub[21].
5.3. ApPLICATION MAIN MANAGEMENT CLASS
CmainFrameClass managesall classes.It allocatesnecessarymemoryspaces,creates
objectsandremovesthemfrommemory.
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This MainFramecreateswindows.Positionsof thecreatedwindowscanbecalculated
with theavailablespaceof thecurrentmainframeandthesizeof thecreatedwindow.
Thesevaluescanbefoundasfollows:
Int x =
Int y
GetSysternMetrics(SM_CXSCREEN); II Get Screen X Size In pixels
GetSysternMetrics(SM_CYSCREEN); II Get Screen Y Size in pixels
Crect rect; II Get View Size and position info into rect
structure
GetWindowRect (rect);
So windowcanbe placedoptimally.In thisprojectwholeclientareaexcepttoolbars,
statusline andright-placedOrganandField Dialogs,areusedfor isodoseview and
ContourEditor view. If the screencoordinatesaredifferent.For examplefor SVGA
800x600resolutionor for XVGA 1024x768pixelsresolutioncanbeusedeffectively.
First,Datahubclassis created.BecauseDatahubis usedby all classesto communicate
betweenthem.
5.4. INTERCOMMINICA nONS BETWEEN CLASSES
First, Datahubclassis created.Datahubis usedby all classesto communicate.Also
GlobalvariablesandMainFramemembervariablescanbe accessedanywhereof the
application.
In theopening,applicationreadsits statevariablesfrom curie.inifile. And storeslast
statetothisfile attheclosingof theapplication.
Any datachangein the currentplanningparameterscausesa messagesendingto all
other.Sootherinformedviewsareupdatestheirclientareas.
5.5. JOBS OF THE CLASSES
Mostimportantclassesgeneratedin thisprojectare:
• Datahub
• CcurieApp
• CmainForm
• CcurieDoc
• CcurieView
• CgridCtrl
• Cis02dvw
• CorgCntrView
• Corgan
• InpField
DataHub
Thisclassstorespatient,beam,geometry,andstateinformation.It handlesall important
data boutplanningpatient.It's contentwill bediscussedin detailatthenextsection.
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CcurieApp
It is the first entrypoint of the application.OperatingSystemLoads Application
executableinto memoryand gives controlto applicationentrypoint of this class.
WindowsNT is a multitaskingOperatingSystem.And thisapplicationdoesnotcheck
its otherinstancesin the memory.So morethanone of theseapplicationscan be
executedat the sametime. But usermustbe carefulto use differentpatientfiles.
Programdoesnot checkor lock any datafile while working.If differentinstanceof
applicationusessamedatafile,manyunwantedsideeffectscanoccur.
In thisclassinternalOperatingSystemDoPromptFileNamefunctionis overridden.So
applicationopensdirectlylastworkingdirectoriesto loadpatientfiles.
CmainForm
This Classcreatesmainwindowof theapplication.Createsmenu,tool bar,andstatus
bar.Also definesdocument-frame-viewstructuresfor 2D isodose,3D OpenGLView,
OrganContourEditorCorgCntrViewandInpFieldDialog.Setsglobalvariablestotheir
initial values.Initial Window positionsarecalculatedandperformedby this Class.At
the terminationof the applicationall createdclassesand this Class deletestheir
contents.Statuslineupdatesaredonebythisclass.
CcurieDoc
Serializationof patientdataand curie.ini file handlingis done by this class.The
CCurieDocclassprovidesthebasicfunctionalityfor user-definedocumentclasses.A
documentrepresentstheunit of datathattheusertypicallyopenswith theFile Open
commandand saveswith the File Save command.CCurieDoc supportsstandard
operationssuch as creatinga document,loadingit, and savingit. The framework
manipulatesdocumentsusingthe interfacedefinedby this class.The fran1eworkalso
promptstheuserto savea modifiedfile beforeclosingit. Serializationis donebyusing
CArchiveclass.
The CArchive classallowsyouto savea complexnetworkof objectsin a permanent
binaryform(usuallydisk storage)thatpersistsafterthoseobjectsaredeleted.Lateryou
can load the objectsfrom persistentstorage,reconstitutingthemin memory.This
processof makingdatapersistentis called"serialization."
You canthink of an archiveobjectas a kind of binarystream.Like an input/output
stream,anarchiveis associatedwith a file andpermitsthebufferedwritingandreading
of datato and from storage.An input/outputstreamprocessessequencesof ASCII
characters,but an archiveprocessesbinaryobjectdatain an efficient,nonredundant
format.
CcurieView
Thisclassis usedfor Loggingof theplanningsession.It is usedfor security.Any usage
of this applicationmust be under control of the user clinic. Log file tracksany
modificationmade to plan. This class is derivedfrom CeditView Class of MFC
foundation.A CEditView objectis a view that, like the CEdit class,providesthe
functionalityof a Windowseditcontrolandcanbeusedto implementsimpletext-editor
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functionality.The CEditView classprovidesthePrintingfunction.In thisapplication,
CcurieViewis keptreadonly.Userscannoteditordeleteoraddanylineof text.
CgridCtrI
It is verycomplicatedclass.It is usedfor spreadsheetlike functionality.User cansee
andeditnumericaldatain thetabularform.Any numberof row or columndatacanbe
used.Datacanbe changedby usingmouseor keyboard.Sorting,adding,deletingand
changingcanbeeasilydone.
Ciso2dvw
It is derivedfrom CscrollView. It manageswindowandviewportsizesandmapping
modes. It scrolls automaticallyin responseto scroll-bar messages.It scrolls
automaticallyin responseto messagesfromthekeyboard,anon-scrollingmouse,orthe
IntelliMousewheel.
This classshowsOrganContoursanddefinedisodosecurves.It doesitsjob usingfinite
pre-calculatedmatrix.
Dx,y Dx+1,y
(X,y) ~X ~(x+1,y)
····..···t··..·····..·········....t·········
! i~Y
.........~ ~ .
(x,y+1)i !(X+1,y+1)
DX+1,Y+1
Figure5.3:DoseSquare
By usingsimilartriangleandlinearinterpolation,anyrequireddoseatthegivenpoint
canbecalculatedwith a smallroundingerror.Connectingtheseequaldosepointswith
smalllinesegments,isodosecurvesaregenerated(seefigure5.3and5.4).
,
. . . . . .
..·······~·..····..·······t····..··..······,..···········..·!••••••••••••••••, •••••••••••••! .
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........~ ~ + ! + ~ .
::i::~I=::I:::::j=::--I-::--i:·
Figure5.4:GeneratedIsodoseCurveSample.
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CorgCntrView
This classis usedfor drawingandeditingof theorgancontours.Detailedexplanations
will bediscussedin Chapter9.
Corgan
This classis usedfor managingof differentcontourdepthslices.Eachslicecanhave
morethanonecontour.It hasa CDialogclassderivedDialog Box. It hasa list view.
This listviewshowsavailabledepths.And displayscreatedorgansin thislistbyputting
X sign.So usercaneasilyseewhich organsaredefinedat whichdepthsor not.Any
slicecanbe deletedor a newslicecanbeaddedto databasein thedatahub.By calling
ContourEditor,currenteditingdepthis setandnewContoureditorclassesarecreated
andstarted.
InpField
Collectsandshowsbeam-fieldinformationin theassociatedfield Dialog.Field name,
fieldtype,collimatorsize,field id number,fieldattenuationfactorandits modifiersare
managedin this class.New field generation,field editingandfield erasingis doneby
thisclassalso.It usesthefield selectiondialogboxtodetennineuserfieldid selection.
5.5.1. DATA HUB CLASS
DatahubClassstoresfollowingdatarecords:
• BeamDataRecordhasmainlytheseparameters
• ContourDataRecord
• CubeSpecDataRecord
• Field DataRecord
• CouchPositioning
• OrganContourDataRecord
Detailedcontentsof therecords:
- BeamDataRecordhasmainlytheseparameters:
• BeamName(Null terminatedcharacterstring)
• CalcDistance(floatingpointnumber)
• Typeof Beam(Photon,NeutronorElectron)
• SSD (Skinto SourceDistance)
• OCR Tables(floatingpointnumber)
• OutputFactors(floatingpointnumber)
• Collimator_ID(integervalue)
• SPR Tables(SourcePhantomRatio)(floatingpointnumber)
• TPR Tables(TissuePhantomRatio)(floatingpointnumber)
• WedgeCount(integer)
• WedgeProfiles(floatingpointnumber)
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- ContourDataRecord:
• NextContourpointer
• Points(intx andinty)
• Z value(floatingpointnumber)
- CubeSpecDataRecord:
• Dimensionsof x, y andz (floatingpointnumber)
• Originof x, y andz (floatingpointnumber)
• Sizeof x, y andz (integernumber)
- FieldDataRecord:
• Collimatorx-left,x-rightof lowerandhigherjaws positions(floating
pointnumber)
• BeamName(Null terminatedcharacterstring)
• BeamType(integer)
• AttenuationFactor(floatingpointnumber)
• GantryAngle(floatingpointnumber)
- CouchPositioning:
• Lateral,longitudal,verticalpositions(floatingpointnumber)
• CouchAngle(floatingpointnumber)
- OrganContourDataRecord:
• Numberof Organs
• Densityof theorgan(floatingpointnumber)
• Numberof Contours(integer)
• Contourpoints(xandy pairof floatingnumber)
• ContourType(integer)
5.5.2. CDOCUMENT, CVIEW, CFRAME AND OTHER MFC DERIVED
CLASSES
The following figures 5.6 and 5.7 give an overVIewof the creationprocessfor
documents,views,andframewindows.
Application
CWinApp::
IDJILE_OPEN __ On Fie Open
command handler called
CWinApp::
On File New _ IDJILL~JEW
handler called command
Get file name
from user
Get document
type from user
Use file extension
to select
documenl
template
Ves
• - Document template
selected at this point
(MDlor8DI)
Figure5.5:Creatingadocument
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AfterFile openorFile New command,FrameandView creationis started.In theFigure
5.6,FrameandView creationstepsaredescribedintheformof aflow chart.
DocumentTemplate:OpenDocumentFi 1e
Construct
documentobject:
C~1yDoc
CMyDoc: : : CMyDoc: :Seri a1i ze
OnOpenDocument , cailedto read docurmentfile
called "',
••• "'jArchive closed and file closed
• - Document readyto use
Document
CMyView: :OnCreate
handles 1;,'~1CREATE
message
File opened andarchivecreated
CreateWindows
windowwith
CFrameWnd::Create
Constructframe
window object:
C~1ai nFrame
Frame { Createdocument<'.------'------,1,'frame ", HandleW~LCREATEmessage.CMai nFrame: :OnCreate calls
CFrameWnd::OnCreateClient
to createclientarea
CMyDoc: :
o nNewDocument
called
I
Figure5,6:Sequencein CreatingaFrameWindow
Uponcompletionof thisprocess,thecooperatingobjectsexistandstorepointersto each
other.Thefollowingfiguresshowthesequencein whichobjectsarecreated.
The CView classprovidesthebasicfunctionalityfor user-definedviewclasses.A view
is attachedto a documentandactsas an intermediarybetweenthedocumentandthe
user:theviewrendersan imageof thedocumenton thescreenorprinterandinterprets
user input as operationsupon the document.In this project,CScrollView, which is
derivedfromCviewclass,is usedto visualizedata.A view canbeattachedto onlyone
document,buta documentcanhavemultipleviewsattachedto it atonce.For example,
Log view,OpenGLview, isodoseviewandContourEdit viewall areconnectedtomain
documentfile. A view is a child of a framewindow.More thanoneview cansharea
framewindow.A viewmayberesponsibleforhandlingseveraldifferentypesof input,
suchaskeyboardinput,mouseinputor inputvia drag-and-drop,aswell ascommands
frommenus,toolbars,or scrollbars.A viewreceivescommandsforwardedbyits frame
window.If theview doesnothandlea givencommand,it forwardsthecommandto its
associatedocument.Like all commandtargets,aviewhandlesmessagesvia amessage
map[20,22,23,24].
Theview is responsiblefor displayingandmodifyingthedocument'sdatabutnot for
storingit. The documentprovidestheview with thenecessarydetailsaboutits data.
Programmercanlet the view accessthedocument'sdatamembersdirectly,or he/she
canprovidememberfunctionsin thedocumentclassfor theviewclassto call.
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5.5.3. CDRA WCLI CONTOUR EDITOR AND ITS SUBCLASSES
ContourEditoris mainlybasedontheCDrawCli class.All drawingshapesaredifferent
objects.DRA WCLl is an object-orientedrawingapplicationwith Visual Editing
containersupport.This subclassprovidesthe bestillustrationof integratingActive
containersupportwith application-specificfeatures(in this case,drawingfeatures).In
addition,DRA WCLl demonstrateseffectiveuseof C++polymorphismin thedesignof
its "shape"and"drawingtool"classes(CDrawObjandCDrawTool)[20].
Class CDrawObj, implementedin Drawobj.cpp,is a baseclassfor derived"shape"
classes.This baseclasshandleshit testingof shapes,movingof shapes,andresizingof
shapes.Throughthe use of polymorphism,DRAWCLl can interactwith objectsof
differentclassesthroughCDrawObjinterface.
ClassesCDrawRect andCDrawPolyarederivedfromCDrawObj.CDrawRectis used
to drawrectangles,roundedrectangles,ellipses,andlines.CDrawPolyis usedto draw
polygons.Thesetwoclassesareindependentof DRAWCLl containerfunctionality[20].
Class CDrawOleObj is also derivedfrom CDrawObj, and is used to represent
embeddedobjects.CDrawOleObjdelegatesanyOperatingSystemspecificoperationto
a containedCDrawItem object (describedbelow). For generic shapeoperations,
embeddedobjects are treatedlike other shape objects in DRA WCLl because
CDrawOleObjis derivedfromCdrawObj[20].
Class CDrawltem, derivedfrom COleClientItem,handlesall the ActiveX-specific
behaviorfor theembeddedobject.The implementationof CDrawItemis similarto the
implementationof theCOleClientItem-derivedclasses.
Class CDrawDoc is derived from COleDocument.The COleDocumentobject
maintainsa CObjList of CDrawObj objects.CDrawDocdelegatesseveralcontainer-
specificmenucommands,suchasEdit Paste,PasteLink, andLinks, to thebaseclass
COleDocument.
ClassCDrawView is derivedfromCScrollView.TheActiveX-specificimplementation
of CDrawView is similarto theimplementationof theview classesin theCONTAIN
andOCLlENT samples.Thebulkof DRA WCLl drawing-specificuserinterfaceis also
implementedin CDrawView.
5.5.4. FORM AND OPENGL VIEW CLASSES
OpenGLis an industry-standardthree-dimensionalsoftwareinterface.As a hardware-
independentinterface,theoperatingsystemneedstoprovidepixel formatandrendering
contextmanagementfunctions.Windows NT providesa genericgraphicsdevice
interface(GDI) implementationfor thisaswell asa deviceimplementation.This aIiicle
detailstheseimplementations,OpenGLINT functions,andtasksthatapplicationsneed
to accomplishbeforeOpenGL commandscanbeusedto renderimageson thedevice
surface.OpenGL is prettymuchthe industrystandardfor high-quality3D graphics
applications.If youadmiredthedinosaursin JurassicPark,thenyouwerelookingatan
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OpenGLapplication.A big advantageof OpenGLis thatit'splatform-independent;it's
availableon a varietyof hardwareplatformsandoperatingsystems,includingWindows
95,WindowsNT, OS/2,DEC'sAXP andOpenVMS, andX Windows[21].
It is an industry-standardproceduralsoftwareinterfacefor producing3-D graphics.It
does so by providingroughly 120 commandsto draw variousprimitivesincluding
points,lines,andpolygonsin variousmodes.WithOpenGL,youcancreatehigh-quality
still andanimated3-Dcolorimages.
More seriously,OpenGLINT calls areinterceptedby theinstallableclientdriver[20].
The clientdriverpackagestheseOpenGLandWGL commandsandsendsthemto the
video displaydriver. The video displaydriver is linked with librariesthatcontain
dispatchfunctions,OpenGL code, and someportablelow-level drawing support
functions.The big win with OpenGL supportin the video driver and appropriate
hardwareis speed.Renderingcanbeacceleratedtremendously.Seefigure5.7.
The CFormView classis thebaseclassusedfor formviews.A formviewis essentially
a view thatcontainscontrols.Thesecontrolsarelaid out basedon a dialog-template
resource.Use CFormView if youwantformsin yourapplication.Theseviewssupport
scrolling,asneeded,usingtheCScrollViewfunctionality.
Application
Generic OpenGL
Command Batching
GOI Command
Batching
OpenGL
Install able
Client Driver
IHV-specific 001 Client
Server
WINSRV.DLL
GDI Support
Win32001
3D 001 Support
Video Display Driver
Figure5.7:OpenGLArchitecture
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6. FILE MANAGEMENT
6.1. MFC FILE MANAGEMENT PRINCIPLES AND USAGE IN THIS
PROJECT
In MFC, file open,saveandnew is suppOliedin a veryeasyway. But programmer
shouldwrite his/hercodeto satisfyMFC requirements.In the following topicsthese
restrictionswill be discussedin detail. Carchiveclass object sendsar pointerto
Cdocumentmemberfunctions.So,onlypipingroutinesareenoughfor thestreamingthe
data.Somestatevariablesareusedto determineis therea changein thedocwnent.If
thereis anychange,saverequestis generatedfromFramework.Programmercancheck
this status by controlling the ModifiedFlag status.Or user can overwrite the
ModifiedFlag[20].
When user closes the application,Framework checks ModifiedFlag status. If
ModifiedFlagis TRUE it calls OnFileSavememberfunction.If thereis no assigned
workfile name,afilenamedialogboxappearsonthescreen.
In this project,thereis morethanone typeof document.Especially,somefiles are
preparedoutsidetheapplication.So thesefiles, for examplescannedimagefiles are
readorwritemanuallybytheapplicationitselfnotfromFramework.
6.2. CARCHIVE AND CDOCUMENT CLASS AND DATA SREAMING To
DISK
A CArchive objectprovidesa type-safebufferingmechanismfor writing or reading
serializableobjectsto or froma CFile object.UsuallytheCFile objectrepresentsa disk
file; however,it canalsobea memoryfile (CSharedFileobject),perhapsrepresenting
theClipboard.
A given CArchive object either stores (writes, serializes)data or loads (reads,
deserializes)data,butneverboth.The life of a CArchiveobjectis limitedto onepass
throughwritingobjectsto a file or readingobjectsfroma file. Thus,two successively
createdCArchive objectsarerequiredto serializedatato a file andthendeserializeit
backfromthefile [20].
The parts of the MFC frameworkmost visible both to the user and to you, the
programmer,are the docun1entand view. Most of your work in developingan
applicationwith theframeworkgoesintowritingyourdocumentandviewclasses.This
articlefamilydescribes:
The purposesof documentsand Vlews methodorgamzeshow they interact111 the
framework.
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TheCDocumentclass provides the basic functionality for programmer-defined
documentclasses.A documentrepresentstheunitof datathattheusertypicallyopens
with theOpencommandontheFile menuandsaveswiththeSavecommandontheFile
menu.
TheCView classprovidesthebasicfunctionalityfor programmer-definedview classes.
A viewis attachedto adocumentandactsasanintermediarybetweenthedocumentand
theuser:theview rendersan imageof thedocumenton thescreenandinterpretsuser
input as operationsupon the document.The view also rendersthe imagefor both
printingandprintpreview.
Figure6.1.Showstherelationshipbetweenadocumentanditsview.
Document
'-------;-Part ofdocument
currentlyvisible
Figure6.1:DocumentandView
Thedocument/viewimplementationi theclasslibraryseparatesthedataitselffromits
displayand from useroperationson thedata.All changesto the dataaremanaged
throughthedocumentclass.Theviewcallsthisinterfacetoaccessandupdatethedata.
Documents,their associatedviews,andthe framewindowsthatframetheviews are
createdby a documentemplate.Thedocumentemplateis responsiblefor creatingand
managingall documentsof onedocumentype.
6.3. DATA STRUCTURES OF DISK FILES
Themainideais storingdatatoaCarchiveobjectbypipingmethod,[22].
void CCurieDoc: :Serialize (CArchive& ar)
(
if (ar.lsStoring(» ( II Storing Procedure.
Destination = GetDataHub()->GetCurrentPatientDataFilePaths();
ar « Destination;
PatientID = GetDataHub()->GetCurrentPatientDataFileName();
ar « PatientID;
«CMainFrame*)AfxGetApp()->~MainWnd)->readoutDlg->write_in_file (0) ;
IIO:means for Store 1: for Calc.
CEditing. SetReadOnly (TRUE) ;
CEditing.SetSel(O,O,FALSE) ;
CEditing.SetSel(O,-1,FALSE); CEditing.SetSel(-1,O,FALSE);
CEditing.ReplaceSel("Working file have been stored to disk on " +
GetTimeString () + "\r\n", TRUE) ;
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SetModifiedFlag(FALSE) ;
EditingCEditView->Serialize(ar) ;I
else{ II Loading Procedure.
ar»Destination;
GetDataHub()->SetCurrentPatientDataFilePaths(Destination) ;
ar»PatientID;
GetDataHub()->SetCurrentPatientDataFileName(PatientID) ;
EditingCEditView->Serialize(ar) ;
CEditing.SetSel(O,O,FALSE); CEditing.SetSel(O,-l,FALSE);
CEditing.SetSel(-l,O,FALSE) ;
CEditing.ReplaceSel("Working file have been restored from disk on " +
GetTimeString() + "\r\n" ,TRUE) ;
CEditing. SetReadOnly (TRUE) ;
SetModifiedFlag(FALSE) ;
6.4. TEMPORARY FOLDERSAND FILES
Thereis a temporaryfile directoriein thepatientdatadirectory.When useropensa
workingdatafile, acopyof thisworkandotherrelatedfilesarecopiedtothistemporary
directory.And realreadingandwritingoperationsaredonewiththesefiles.Thesefiles
canbepatientidentificationfile, log file or imagefiles (crosssectionalCT, MR film
slices).
Whenapplicationis closedor saved,applicationcopiestheseworkingfiles from this
temporarydirectorytorealpatientdirectory[25].
6.5. LOG FILE AND ITS CONTENTS
Whena newplanningsessionis started,a log file is generated.This is a textcontext
file. User cannot edit this text.Its attributesaresetread-only.Systemreadslog file
contentintomemorywhenapatientfile is opened.
Application initially puts someinformationaboutversionand creationdateat the
begilmingof the text. Log file is kept in memoryin the form of CEdit class.For
exampleprogrammerscanaddnewlinesto logcontentasfollows:
II CEditing is predefined as Cedit Class
CEditing.ReplaceSel(" (clCurie Vl.O Planning System 2001.\r\n",TRUE);
CEditing.ReplaceSel("Planning Session Started on " + GetTimeString(1 +
"\r\n", TRUE);
CEditing.ReplaceSel("- - - - - - - - - - - - - - - - - - - -\r\n",
TRUE) ;
6.6. CT, MR, ROENTGENIMAGE FILES AND THEIR PLACEMENTS
Negativeprintedmedicalfilms mustbe scannedinto a bitmapfile at the specified
parameters.Resolutionandsizemustbeadjustedtomeetrequirements.
Scanningresolutionmustbe75, 150or 300dpi.And mustbespecifiedin the.bmpfile
structurecorrectly.Curie looks these informations(x and y componentof the
resolution)to calculate scaling factor. Any other resolutioncan cause wrong
calculations.Or requiredmodificationsmustbeappliedto sourceof theapplicationby
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theprogrammers.But higerresolutionis notnecessary.Because,0,0847mmprecision
is obtainedfrom 300dpiresolution.Also, higherresolutionsrequirehugeamountof
memorytohandlethesefiles.Therefore,higherresolutioncausesdramaticaldecreasein
performance.
Eachscannedfile mustbelabeledas:
Slice-lO.bmp
SlicelO.bmp
Slice20.bmp
"Slice" word shouldbe placein the beginningof the filename.Following sign and
numberpairshowsthedepthof thesliceinmillimeters.
• Desktop
8..J' My Computer
i $..a'3~ Floppy (A:)
! 8"8 (C:)
: : ttJ·imJCdrom
i i ~J·imJCurie
i i i i····WjData
1 1 i i"'Wj Debug
i ' i i···Wj DrawCli
i 'i···~ GridCtrl_src
, i···Wj NewCeliTypes
~..Wj Patient
i i····imJ0912314
i i···fijJ 20010330_233426
i····fijJ20010401_112700
i···fijJ tv!aster
. 1...fijJTemp
i··JijJ Res
L..Wj Temp
ttJ··{WDownloads
Figure6.2:SampleDirectoryStructure
Thesescannedfilesshouldbestoredintothepatientspecificdirectory.This directoryis
createdwhenthepatientfile saved.So usermustbecreateandsaveanemptypatient
file beforeplacementof theseimagefiles. Formatof thedirectorynameis:
Year+month+day+"_" +hour+minute+second
Year:4-digitintegernumber.
Month,day,hour,minute,second:2-digitintegernumber.
This timeshowsthecreationtimeof thepatientdatafile. So,systemdateandtimemust
becorrect.Also thismethodavoidsanyrepetitionin thedirectoryandpatientfilename.
Soeachdirectorycanbeunique[22,25].
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6.7. DATA EXCHANGE BETWEEN THE PROJECT AND THE OTHER
POPULAR APPLICATIONS
Curiehasa standardatastructuresbothinternalandexternal.Storesplanparametersin
a systematicdatafiles. This applicationmaybe run in a networkenvirolUnenteither
locallyor on a remotehost.OtherexternalcalculationserverstakeoutputfromCurie,
makescalculationsandsendsback.Or, morethanonecalculationservercanbeusedto
compareresultsandobtainmoreaccurateresults[24].
Eachtimea radiationsourcedescriptionis read,a dosecomputationprogramcompliant
with theprotocolcomputesthedosedistributionfor thatsource.Theprotocolsupports
two stylesof interactionwitha program- a modewhereresultsarewrittenbackafter
eachradiationsourceis supplied,anda modewhereresultsareaccwnulatedandthen
returnedafteranumberof sourceshavebeenread.
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7. SOURCE CODE & RESOURCE ORGANIZATIONS
7.1. C++SOURCECODESAND THEIR JOBS
In thisproject,C++programminglanguageis used.Sourcecodesaremainlyplacedin
*.CPP files.Functionprototypes,classdefinitions,variableandstructuresareplacedin
the *.H files. In somespecialcases,somememberfunctionbodiesareincludedinto
headerfilesdirectly[26].
SourcefilenameClass ContentBasicJob
ChildFrm.CPP
ChildFrameH mmanagement.
urie.CPP
urieApp Appli ationStart+Init+End.
Doc
D c(Cdocument)handling+Read,WriteandStore.
View.C P
View(CEdit)T xtView. Log fi e cont nt.
DataHub.
DataHub(CDi log)P tientpla d ta(Beam+Contour+Isodos )
IllpField.CP
InpFi Id(CDial g)aminformationeditor.
Is02Dvw.CPP
is020vw (CScrollVi w)Visualizationof20 isodoseandContourcurves
M in r
Main M in Wind wF rmCreation+init.
OgIDIg.CP
OgIDIg (COialog)O enGL3D RoomView.
iMy r . P
lMydr use ef.)pri i ivesof Roompa ts.
lShape.CP
Shap (us rd f.Silic Gr ph cs3D objectprim ive .
rgan.CPP
organ D o ourSlic Sel ctionan M nag ment.
C trView.CPP
C trOoc+C rgC trVi wEd rAnd O s.
GrdOIg
OrGr DIg readsheetlik da list.
Rea o t
Re do t OR a s nd ite p im ort/exportdata.
Table7.1:C++SourceCodeList. In theparanthesis,baseclassesareshown.
In thisproject,twoexternalClassesareused.Theirsourcecodesareincludedwithother
sources.First class is CDrawCli. But its originalimplementationis not enough.For
examples,thereis no suppoliforadditionof newnodesto preparedcontours,seeTable
7.2.Suchnewfunctionsareaddedto thisclass.Secondclassis GridCtrl source.It is
nearlyin originalform.It is veryusefulandfunctional,seeTable7.3.
Sourcefilename Class Content BasicJob
Cntritem.CPP
drawItem OLE +BoundingBox Calc.
Orawobj.CPP
dra Obj+Cdraw leObjDrawingObjectPrimitives
ra tool.
To l+CselectTool+CPolyToolSelectionandEditingTool
Table7.2:DrawCLI C++SourceCodeList.
51
Sourcefilename ClassContentBasicJob
GridCeJlBase.CPP
gridCellBasseCell Structure
GridCell.CPP
Grid ll Conte t
tr
trseControlLibrary
DropTarget.CPP
Gr Dr pTargetDragandDropSupport
InPlac Edit.CPP
inPlaceEditOLE Suppor
TitleTip.CPP
titleTiTi leTip Support
Table7.3:GridCtrlC++SourceCodeList.
7.2. RESOURCES (MENU, ACCELERATOR, DIALOGS, CURSOR, TOOLS,
ETC.)
Due to theprecedingadvantagelist,companieswhichdesignPCs ascontrollersbegan
to. Curie usesmany typesof windowsresource.Used resourcesare Accelerators,
Cursors,Dialogs,Menuitems,Strings,Toolbarandversioninformation.
Accelerators:
In thebeginningof theProject,ApplicationCreationWizardOf TheVisual C++Studio
createdbasicaccelerators.Someusefulacceleratorswereaddedlatertimes,seeTable
7.4. Usageof acceleratorkeys is not possibleat theall places.For example,at the
is02dviewclipboardfWlctions(cut,copy,paste,etc.)donotwork.
Key Combination
Job
Ctrl +C
EditCopytoClipboard
N
New PatientFile
) 0
OpenPatientFile
P
Print
S
Save
V
Pas efromClipboard
Delete
EditClear
Shift+Delete
ut
F6
x n
i F6
eviousPane
Table7.4:AcceleratorsList
Cursors:
Differenttypesof cursorsaremainlyusedin contoureditorprogram.Contoureditor's
baseclassis CdrawCli.But CdrawCliclassdoesnotsupportnodeadditionandcontext
menu.To makethisprojectuser-friendlier,Differentcursorshapesareaddedtoproject.
Theirjobsarelistedin theTable7.5.
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CursorlD Jobs
IDC STDADDNODE
NodeAdd is available
CUR
Standar WindowsArrow Cursor
! E ITPREC
Hatchwithplussign,Editing+NodeAdd available.
I PLS
t rd i rr withplussign.
Table7.5:CursorsID versustheirJobs.
DialogBoxes:
Many numericalandstringinputsareshownandcollectedbyDialogBoxes.A List of
DialogBoxesin thisprojectis listedin theTable7.6.
DialogBox
Jobs
!DD ABOUTBOX
ShortVersionExplanationDialog
DLG ORGAN
DepthSelection,ContourEd ting.
I INPUT FIELD
B ampa ameterEditorDialog- - !DD INPUT FIELD NUMBER lecting ctivebe mform efinedbeams
OGL VIEW DLG
3D OpenGLVi w Object ctivation- - OGLDLG Area
R AN CO TOUR DATA GRID
TabulatedDataView- -- I RGAN CONTO R D AW ContourE itor i
READ UT
Im ort/ExporView (Debug purpose)
Table7.6:DialogBox andtheirjobs.
Menu Items:
Thereare4 mainmenuitemson themainapplicationwindow. Help menuhasonly
aboutitem.Other3 itemsareshownin Figure7.1.
Erint... Ctrl·P
Print Pr~~i~w
Print S~tup...
Ctrl.Z
!::!~Ipl::::::.·.·:::::::..· .1
Ctrl.X
Ctrl.C
Ctrl.V
D~I
CU!
~opy
East~
Q~I~t~
r ::::::::::::::::.·:::::::::.: :: : :: :.l
Eil~::':E;dit :·:·y'i~w
·····gndo
y'i~w !::!~'pr:::::::::::::::.~·:.".1
Ctrl.N
Ctrl.O
Ctrl.S
. Eil~ :.:.E;dit
·······f!~w
Qp~n...
~av~
Sa'J~t,s...
..............................
.............................................................'
EiI~ E;dit::::..y'i~w.. ::!::!~Ipr::::.
........ ·.Ioolbar
~tatus Bar
...................................
; ;
Figure7.1:MenuItems.
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StringTable:
ResourceID Strin~Value
ID FILE NEW
"Createa new document\nNew"
OPEN
"Open an existingdocument\nOpen"
CLOSE
lose theactivedocume t\nClose"
SAVE
Savetheactivedocument\nSave"
E AS
theac ivdocument wi tha new- - - name\nS veAs"
P G SETUP
Cha gethepr ting optio s PageSetup"
RINT SETUP
thprinterandp inting- - - options\nPrintSetup"P i t i Print
PREVIEW
Display full pages\nPrintPreview"
APP AB UT
programi form tion,verSIO nu berandcopyright\nAbout"
EXIT
Quita l cation;promptstos ve- - documents\nExi "
NEXT A
w ch to th ext windo pan \nNext- - P ne"
PR V
itcbacktotheprevIOuswindow- pane\nPrev ousPane
EDIT CL AR
E a s lecti n\nErase"
OPY
opythes l c onutitont- - Clipboard\nC "
UT
utthele tipithe t"
S
In rtClipboard c ents\ P st
I V W T OLB
ow or ide th t olbar\ Toggl ToolBar"
S A U BAR
hrhidatusbar\ Toggle- - - Statu Bar"
AFX IDS C IZE
wi w siz "
MOVE
do posi ion"
INIMIZE
Reduceth in to a icon"
AXI IZE
nla full size"
R STOR
s or e i normal siz "
T SKL ST
Ac ivat Task List"
PREVI W CLOSE
lpri tpr VIewm de\nCancel- - - Preview"
R MAINF AME
T Cmi A plicati n"
CURIE YP
\nUn i l d\nTEXTDocument\nTextFiles
(* .cri)\n.cri\nTextFileType\nTEXT
File
Type\nT X Files\n"IS DO
s dos \ndo ess\ \n\n\ TextFil Type\nText
File Type"
Table 7.7: StringValue List.
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Toolbar:
Most frequentlyuseditemshavetoolbarbuttons.TheseItemsare:
File New, File Open,File Save,Cut, Copy,Paste,Print,andHelp hasa buttonon the
toolbar.
Version:
File Version:
ProductVersion:
ProductName:
LegalCopyright:
OriginalFilename:
1,0,0,1
1,0,0,1
CurieApplication
Copyright(C) 2001
Curie.EXE
7.3. COMPILER PARAMETERS, REQUIRED LIBRARIES AND COMPILING
This projectis writtenin C++Language.LicensedMicrosoftVisual StudioC++6.0
AcademicEdition Compilerhas beenused.This packageincludesmanyvisual and
basic components.Compilerhas manyoptionsto optimizationand capabilities.To
compilethisprojectfollowingparametersmustbeset:
Preprocessor def: WIN32, _OEBUG, _WONOOWS,_MBCS
Project Options : /n010go /MTd /W3 /Gm /GX /ZI /Od /0 "WIN32" /0
"_DEBUG" /0 "_WINDOWS" /0 "_MBCS" /FR"Debug/"
/Fp"Debug/Curie.pch" /Yu"stdafx.h" /Fo"Oebug/"
/Fd"Debug/" /FO /GZ /c
To opencurieproject,curie.dswfilemustbeopenedfromOpenWorkspaceMenuitem.
Linkeroptionsmustbespecifiedasfollows:
55
8. USER INTERFACE DESIGN AND THEIR USAGE
This chapterdescribestheusageof theCuriePlanV 1.0fromtheuser'spointof view.
User interfacecapabilitiesandits functionsareincludedin thischapter.The hardware
and operatingsystemrequirementsas well as installingand runningof the Curie
softwarearedescribed.
8.1. BASIC PARTS AND THEIR FUNCTIONS
Shortlycapabilitiesof theCurieplanningV1.0systemare:
• Enter,edit, displayand storedemographics,clinical findings and
otherinformationaboutpatients,
• AcquiredandstoredimagestudiesfromCT andMRl scanners(from
diskfiles copiedfromthescmmercomputerby somenetworkaccess
method),
• Displaymldprocessstoredimages,includingreconstructedcontours.
• Enter,edit,displayandstore3-Dpatientgeometryincludinginternal
structuresandlocationsof pointsof interest,basedon mlatomicdata
representedin storedimagestudies,or in filmsandtracingsonpaper,
• Enter, edit, display and store3-D treatmentplans consistingof
collectionsof radiationsourcesincludingexternalradiation,
• Prescribe treatmentsby several different methods, including
specifyingdosesto be deliveredby particularradiationsourcesto
specific anatomicpoints,mld specifyingthe dose to be (nem"ly)
achievedthroughoutextendedvolumes,
• Calculatedosesat pointsand/orin 2-D planes,displaydosesas
isodosecontourssuperimposedon anatomyandmarkers,andstore
computeddosedistributionsfor subsequentdisplay,
• Producehardcopyoutputpresentingthe graphicalresultsof all the
plmmingoperations,
• Utilize all the productsof the RadiotherapyTreatmentPlanning
Toolsproject.
• LoadandSavetreatmentsetupdatafor subsequentdownload
Systemhas standardwindows user-interfacetools. Becauseof somerequirements,
specialadd-onshavebeenincluded.
A view occupiesa singlewindowon thedisplay,so it maybemoved,"poppedto the
top"ormanipulatedbyanyof thestandardoperationsprovidedbythewindowmmlager.
Severalviews (in thecorrespondingwindows)maybe visible at the sametime.All
viewsare"active"views except2D and3D views,thatis, if an objectin theplan is
updated,all views showingthatobjectareupdatedto reflectthechange.2D and3D
viewsareusedto visualizecalculateddata.Therefore,theseviewsareupdated,when
new resultsareready.Further,viewsprovidesomeinteractiveinput,e.g.,thelocator
barsthatcontroltheviewpositionsforotherviews,andthedosecalculationgrid,whose
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cornersmay be "dragged"with the mouseand on-screenpointer.User can easily
changewindowpositionsandsizes.
Main partsof theplalU1ingtoolsare:
• Organ ContourEditor,
• Z-DepthManagement,
• Treatment Beam Definition Dialog Box and Dose Grid
Parameters,
• 2D planer IsodoseCurveVisualizer,
• 3D TreatmentRoom SimulationView.
8.2. ORGAN CONTOUR EDITOR
The Organ Contour Editor (also called the "polyline editor") is a composite
CScrollView derivedviewthatsupportsthecreationandeditingof organs,tumors,and
targets.With thistool,usercanselectanorgantoedititsnodepoints.Or usercanselect
one(ormorebyusingrectangularselection)contourtomoveitsplaceandgroup-erase.
ContourEditorView is createdfromtheorgancontroldialogandis usedto createand
edit all anatomicalstructures.Whentheuserselectsan object,theobjectpreviously
selectedis deselected,i.e., the threelists act like a combined"radio menu".While
workingwith contoureditor,CuriePlan usesdifferenttypesof cursorsfor different
purposes.
TheSpecialCursorTypes:
I
-j-+
A. stdaddno.cur B. cursorl.cur C. curOO1.cur D. stdplusn.cur
CursorA is usedfor addingnewNode. CursorB is a standardwindowscursor.It is
usedfor standardsize of cursor.Systemcursoris not used,becauseusercanchange
standardcursortype.Suchchangedcursoris notuseful.Because,its sizecanbebigger.
CursorC is anodeeditingcursor.Whilemovinganode,systemusesthistypeof cursor.
This cursoris XOR placedcursor.Thereforeusercanalwaysseethedrawingunderthe
cursor.Cursor D gives informationabouteditinga contour.While movingcursor
(withoutpressinganybutton),if thecursorshapechangesto this type,it meansthata
newnodecanbeaddedto thatportionof thecontour.
Adding New Organ Contour andCreationSteps:
To addaneworgancontour,usershouldplacepointertoanemptyarea.And rightclick
mouseto open Contextmenu.From contextmenu,"Add New Organ..." shouldbe
selected.A sub-pop-upmenuappearson the screenthatincludespossibletypesof
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organs. User selectsnew organtypefrom thatmenu.SeeTable 8.1 for predefined
organtypesandtheirdensities.
Organ Contour Type ElectronDensityRelativeto H2O
Body
0,991
Lung (inhale)
1 0
exhale)
459
Breast
0.976
o e dens
1,512
TrabecularBone
7
Liv r
05
Muscle
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Adipos
Table8.1:Inhomogenitievaluesforvarioustissues
After selectingorgantype,systemwaitsmouseinputfrom userto startdrawingand
creatingorgancontour.This modehasa CursertypeA, a hatchshapeanda smallplus
sign.Thenusershouldselectabeginningpointonthecoordinatespace.Then,firstnode
is startedwith left pointerclick. While movingto secondnode,elasticline segment
followsthepointer'shotspot.By clickingothernodes,contouris completed.To finish,
a contour,usermustdoubleclicktheleftbuttonof thepointer.
Line segmentsmustnotbeintersectwitheachother.If thisis thecase,somecalculation
kernelscanproducewrongresults.Souserdonotletanylineintersections.
EditingaContour:
First, usermust selecta contourby clicking left buttonof the pointer.To selecta
contour,insideof a contouror linesegmentmustbepointed.But, somecontourscan
coverothersarea.In thiscase,editorselectslastcreatedcontouror topof thecontour.
After creationprocesses,ordersof thecontourscanbechanged.Detailsof suchorder
changeprocessarediscussedin thenextsection.
SendBackandSendFront:
Normally,editorordersthecontoursintocreationorder.But,thereis a problemoccurs
whenuserwantsto selecta smallcontourinsidethebiggerone.In suchcases,small
contourcannotbeselected.Thesolutionis sendingbiggercontourto back.Therefore
smallcontourcanbe easilyselectedby theuser.Because,smallcontourbecomesthe
higherorder,editorselectsnearestone.SendbackandSendfrontmenuitemscanbe
accessedfrom rightclick contextmenu.Beforecallingthis function,contourmustbe
selected.
NodeEditing:
Node editingis a movingof thepoints,whicharepartof contourpolylines.To start
editinga nodeposition,onlyonecontourmustbeselected.If morethanonecontouris
selected,only group selectioncommandscan be used(e.g. groupmove and group
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delete).Nodecanbeinsertedto connectedlinesegmentsof thecontour.Pointercursor
shapechangestoD typewherenodeinsertis available.This is doneby analgorithmof
distancefrom a point to line segmentcalculation.If calculatedvalueis smallerand
equalthen2 pixels (screenpixel) this cursorshapeis used.In thesameway,cursor
shapechangestocursortypeC. In thisstatenodepositioncanbechangedbytheuser.
Numericalvaluesof theposition,depthandorgantypebeingeditedcan be watched
fromstatuslineof theCuriePlan.Thesevaluesareplacedasapanein thestatusline.
8.3. DIFFERENT Z-DEPTH MANAGEMENT
The organcontrolBox is controllingmainflow of theprogram.It is usedfor creating
andeditingcontours,specifyingdosegridspecificationsandstartingcalculations.
v"
Patient.t~ame:J~;ampleP.9tient
ProtocolNo: 120610304095511
, Creat.eContour I
Edit.Contour -, ,Do~:eGridSpecs l
; Delet.eContour.. I ~ ReCalcul;3t.e J
Figure8.1:OrganContourSelectionDialogBox
Main uniquepatientidentificationinformationis PatientNameandProtocolNumber.
PatientNanle mustbe a stringand ProtocolNo mustbe 14-digitnumber.For each
depth,organcontentsareshownwith"X" sign."X" signshowspresenceof thatorgan
existencein thatdepth.Seefigure8.1.
Beforeeditinga contour,usermustselecta depthfromthelist. If thereis no selection,
anerrormessagewill bedisplayed.
This dialogbox is createdby theapplicationautomatically,whena newpatientfile is
createdoropenedfromadiskfile.
59
8.4. TREATMENT BEAM DEFINITION AND COUCH DIALOG
This dialog box lets usersto specifybeamand couchparametersfor eachfield of
Radiationtherapysourceormachine.
Field#:
.~' Field Type: ~'
Field Name: f[L1N.i~.C2IJ15t.,.fV'
Field .6.ttenuationFactor: J
CollimatorAnd Ganhy P.ngles (degree)
,G~ntry I 180 Collim. J
~'ectangUlarCollim~tm(crn)~:-, ,"
Left to I 6 Right.t.o f 6
8oHomto I 5' Tap to J 5
Couch Positioning (em),..."...~.
,c.,figle t . 0 ' Long. ]-.'--0
Lat.eral I 0 "'/ert.ic:al J I)
Deletecurrerltfield'
--==-=-....
Figure8.2:FieldandCouchParametersDialogBox.
Field#is a non-editablefield id number.Whensystemcreatesa newtemplatebeam,a
newid is assignedto thatbeam.This is thepositionof thebeamin thebeamlist. Field
typeis anintegernumber.FieldNameis a radiationtreatmentsourceormachinename.
This field is 20charactersin length.FieldAttenuationFactoris theeffectivenessof that
beam.Gantryand Collimatoranglesarespecifiedin degree.Angle valuesare in the
rangeof 0 to 360degree.Minus signis notsupported.If usergivesminussign,results
canincludewrongresults.
blM1RYUKSEK TE_KNOWJi EHSTiTUSUj
REKTORlUGU
KiitfJp~~_:ve Dokfimontosyon Doire B~k.
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RectangularCollimatorsizesaredefinedwith4 floatingpointvalues.It is animportant
pointthatcollimatorsizecanbeasymmetric.
Couchangleis a floating-pointnumberbetween0 and360degree.Other3 positioning
valuesarefloatingpointnumbers.And theirdimensionsarespecifiedin cm.
8.5. 2D PLANER ISODOSE CURVE VISUALIZER
This viewis usedfor visualizingisodosecurves.Whenusercreatesa newdocumentor
openan existingone,it will be createdautomaticallyby theapplication.5 levelsof
zoomfactorcanbeusedtobothvisualizationandhardcopyforprintersandplotters.
Zoomfactorcanbechangedbyusingcontextmenu(clickingrightbuttonof thepointer)
in the isodoseview area.User mustbe careful,definedzoomfactoris affectingthe
hardcopy.Activezoomfactoris grayedout(disabled)in thecontextmenu.
Usercaneasilyplace(pan)contentsof theviewbydraggingpointer.Whilepressingleft
buttonof thepointer,movingpointercauseshiftingwholedrawingin theview.
8.6. 3D TREATMENT ROOM SIMULATION VIEW
A 3D room modelingis generatedby theapplication.This room hasmainlywalls,
machinebase,andmachinearmandmachinetable.
This viewhasamenu.This menuis differentfrommainapplicationmenu.Frommenu,
usercanchangesomestateof elements.For examplewall drawingcanbeenabledor
disabled.In this way,performancecan be increased.Also someobjectscan not bee
observedbecauseof others.
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9. OBTAINED RESULTS AND EXAMPLES
9.1. RADIOTHERAPY PLANNING WITH MANUAL METHOD
Topographyand AnatomicMeasurements
Topographicalmeasurementsareveryimportantfor theradiationplanning.Anatomic
placementof thepatientshouldbein thedesiredtreatmentposition.Plastercaststrips,
lead (solder) wire, flexible curvesor other devicesare combinedwith anatomic
thicknessmeasurements.Also, calipersarecommonmethodsformeasuringtopography.
DosePrescription
Generally,it is desirabletohaveauniformdosedistributionwithinthetargetvolume.A
commonand simplestway of doseprescriptionis calculationof absorbeddoseat a
givenpoint(forexamplemiddleof thetumormaybecalculated).This calculationis not
enough.Isodosedistributioncurvesmustbedrawntominimizeradiationabsorptionin
normalhealthytissues.The isodosecurvesshowtheuniformityandnonuniformityof
the beams,if the isodosedrawingis preparedwith manualmethod,stepsof the
proceduresareasfollows;
First,patientcontouris drawnona transparentpaperwith 1/1scaleon a beam
axialplane.
Then, tumor volume,critical organand tissuecontoursare drawn on this
contour.
A fieldor fields,whichareusedin theplanning,arefoundfromoriginalisodose
chartsthatappropriatefieldsize.
Sequentially,theisodosechartsareplacedon thecontourwithdifferentangles
anddrawntothetransparentpaper.
Intersectionpointsof theisodoselinesarecOlmected.After that,thelinesthat
haveequaldosesaredrawn;finallycompositeisodosecurvesareobtained.
If morerealisticisodoseplansarerequired,correctionfor airgapsmustbedone.
Becausebasicdosedistributiondataand isodosechartsareobtainedfor flat
surface,correctionsareneededto dosedistributionin actualpatients.In manual
planning,this correctioncanbedonewith isodoseshifting.In thismethod,the
isodosechartis moveddownalongadivergingraybya fractionalamountof the
airgap.This fractiondependsontheusedenergyof thebeam.
Thefieldweightingis anotherwaytofindoptimumdosedistribution.
If wedgefilter is used,the isodosesheetmustbe wedge-filteredchart.Other
proceduresaresameopen(nofilter)radiationfields.
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An ExampleOf A Manual RadiotherapyPlanning
In thisexample,a radiotherapyplanningwithmanualmethodwill beexaminedstepby
step.Preparationof the transparentopenbeamsheet,patientcontourcorrectionand
summinguptwobeamswill bediscussed.
First, a transparentdrawingof the beam'sisodosesheetis obtained.Exampleof a
10MVphotonbeamwith 10xlOcmbeamis shownin fig 9.1.
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Figure9.1:An exampleof atransparentisodosesheetfor 10MVphotonbeamwith
10xlOcmcollimatorsizeatSSD = 100em.
Then,correctionfor contourirregularitycorrectionis appliedwithshif1ingmethod.But
this methodis not accuratewith compareto computercalculationmethods.Because,
computercalculationscan be carriedout by usingsimilartriangleson thetriangular
prism. On the otherhand,teclmicianscan not apply suchcomplexcalculationsor
correctionsto planning.In themanualplatming,only perpendicularshiftingcan be
appliedto openbeamto obtaincontourcorrection.In thefigure9.2,contourcorrected
beamis shown.
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Figure9.2:Beamwithcontourcorrection.Outercurveshowsalegcontour.
After contourcorrection,thesecondbeamwill be drawnto a transparentsheet,too.
Then, contourcorrectionis appliedto this secondbeam,also.But, thesecondbeam
positionis atthebottomsideof thecontour.
Finally, summationis obtainedby crosspointsof the iso lines of the beams.For
example,new 100line is fowld by cOlmectingintersectionpointsof the 10+90=100,
20+80=100,30+70=100,40+60=100,50+50=100,60+40=100,70+30=100,80+20=100
and90+10=100lines(firstnwnbershowsfirstbeamiso line,andsecondnumbershows
thesecondbeamisoline).Seefigure9.3forresultof themanualplanning.
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Figure9.3:Compositeisodosecurveswithtwobeams.
User canproducethis simplemanualplanningin 40 minutes.For, differentplalUling
angles,additional30 minuteare requiredfor each trial. In the average,a patient
plalUlingtakesaround2 or3hourswithmanualplanning.
Computercanmakesuchcalculationin 3 seconds( thistimedependsonCPU speed,in
this examplemobilePII-400 wasused)afterenteringbasiccontourgeometry.So very
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shorttimeis requiredfor eachplan.Andmoreaccurateresultsareobtained.As aresult,
techniciancanmakemanydifferentplanningin a veryshorttime.So usingcomputer
planningcanincreasetreatmentqualitysignificantly.
9.2. COMPARISON OF THE MANUAL AND COMPUTER PLANNING
SingleBeamManual Planning
Singlebeamis rarelyusedmethod.However,whenthetumoris superficial,singlebeam
treatmentis preferred.The followingcriteriaof acceptabilitymaybeusedfor a single
fieldtreatment.
1. Thedosedistributionwithinthetumorvolumeis reasonablyuniform.
2. Themaximumdosetothetissuesin thebeamis notexcessive
3. Normal critical structuresin the beamdo not receivedosesnearor beyond
tolerance
Multiple BeamManual Planning
For treatmentof mosttumors,however,acombinationof twoormorebeamis required
for anacceptabledistributionof dosewithinthetumorandsurroundingnormaltissues.
First patientcontouraredrawn.Thenusingfield numbers,field anglesandfield sizes
determined.Then appropriatefield sizecustomisodosechartsplacedon thecontour
together.And crossingpointsarefound.And by cOlmectingthesepointswith theline
segments,isodose curves are obtained. Sometimescontour irregularitiesand
inhomogeneitycorrectionsaredonemanually.They arenot appliedalways,because,
they takes long times. Also thesemethodscausebigger calculationerrors.The
proceduresthereafterepeatedvariousfieldnumbers,sizes,weightsandanglesto find
optimumdosedistribution.Theseproceduresare timeconsuming(for a onepatient
approximatelytwohours)anderroreneous.
Computerhasspeedandaccuracyadvantageovermanualplanning.It allowstheusers
to comparemanydifferentsituationsatthesamepatientdata.Patientdataenteringis
takes long time with comparedto calculationtimes. But in manualplanning,
calculationstakelongtime.So in themanualmethod,differentfield casescannotbe
calculated.
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9.3. PRODUCED PATIENT PLANNING EXAMPLES
The Curie plan has been appliedto the actualtreatmentsat "Ozel Ege Onkoloji
Radyoterapiklinigi" for 11patientswithsomerestrictionsbecauseof datadeficiencies.
For 11patients,10XI0 cm. Co-60therapyfield sizesareused.OAR's aremeasured
withfilm dosimetrymethodfor thisfieldsizeasdescribedAppendix1.PDD, TMR and
SPR valuesaretakenfrommachinevendorfor thereferencefieldsize.
For those11patients,alsoall planningproceduresaredonewith old manualsystem.
ObtainedResultsare:
1. Comparingthemanualdrawncompositeisodosewith Curieplan isodoses
aresuiteachotherwithhighratio(maximumdeviationis about±%2).This
variation has small effect on the calculations.Because,the maximum
variationhasbeenoccurredatthecornersof thefields.
2. Manuel proceduretook 185 minutesfor one patient,for curie plan 32
minutes.In future,whenphysicsandteclmicianswill adaptthesoftware,this
timewill bedecraeased.
3. ClinicianscantestdifferentplanseasilyandshorttimeswithCurieplan.
4. If theclinichasall of thebeamdata,theCurieplanwill workcompletelyfor
all patients.
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10. CONCLUSION AND THE FEATURE WORKS
The main aim of this project,which is a baseof a Radiotherapyplanningsoftware,
which can be run with desiredperformanceon a low costPC hardware,has been
achieved.In orderto berealisticabouttheexactneeds,thissoftwarehasbeentestedfor
3 monthsby"Ozel EgeOnkolojiRadyoterapiklinigi".Also withthefeedbacksfromthe
personsof thecenter,somedeficiencieshavebeencompleted.This centerhastwo Co-
60 unitsandanATC simulator.Beforetestingthissoftware,thecenterwasdoingthe
calculationsmanuallyor a conventionalplanningsystem.The first testresultsindicate
that,systemis suitablefor Co-60externalradiotherapyplanningrequirementssincethe
applicationof alternativesetuptechniques.Thesetechniquesincludealternativegantry,
couchandcollimatorangles,alternativefieldsizes,fieldweightsandfieldnumbers.
With thisprogram,theisodosecurvesatdifferentdepthscanbeobservedby theuser.
Since this systemworks on a PC basedcomputersandperipheralsandprogramis
writtenin Turkey,it is easytotranslatetoTurkishanddosomemodificationsaccording
to theuserneeds.Modificationof theprogram,accordingto specialrequestsof the
clinicsin Turkey,indicatesthisadvantage.
The programcan be easilyadaptedto variousradiotherapymachinesand imaging
systemssuch as fully computercontrolledsophisticatedR.T. machinesand digital
imagingsystems.Anotheradvantageof this programis thattheusercan easilyget
servicedirectlyfromtheprogrammer.
Thefuturedevelopmentstepsmaybeasfollows:
1. Leastfor threedepths,50depthratiosand15-20fieldsizesandvariousenergies
2. MeasureOAR's.
3. Adaptationtomultileafcollimatorequippedmachines.Block calculationsand
4. Irregularfieldcalculationscanbeaddedtothisproject.
5. For 3D CRT pimming,beam'seyeviewoptioncanbeadded.
6. Planningsystemandnewalgoritlunsforprotonandneutronradiotherapy.
Severalnew radiotherapyteclmiquesare developedin the last ten years,such as
multileaf collimator equipped machines, 3D conformal radiotherapyIntensity
ModulatedRadiotherapy(IMRT) and Radiotherapymachinesthat use high energy
subatomicparticles(proton,neutron)andheavyions. Thesenew teclmiqueswill be
applicablein Turkey as well in the near feature.Thereforeradiotherapyplmming
systemshouldbeadaptabletothesenewteclmiques.
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APPENDIX
DevelopedCalculationAnd OAR Method
With Film Dosimetry
Introduction
All radiotherapyplanningsystemsuse doseprofile data.There are variousmethodsto
measuredoseprofiles. They areusing an ionizationchamberdetectorin waterphantom,
thermoIuniscent dosimeters,radiographicor radiochromic films, light detectorsand
semiconductordetectors.All of thesemethodshavesomeadvantagesanddisadvantages.In
thisworkwe useordinaryradiographicfilms andspecialportfilms to measuredoseprofiles
(andOAR values).
MaterialsandMethods
Doseprofiles(or OAR values)dependon a scanned osemeasurementsperpendicularto the
centralaxis, acrossa beam.Doseprofilesarenormallymadeat severaldepthsof interest
(leastthreelevels).FigureA-I showsadoseprofile.
100
8 785 432 , 0 , 234 5 878
FigureA-I: Measureddepthdoseprofileshowingvariationof doseacrossthefield.SSD =80
em,depth=20cm.Dottedlineindicatesgeometricfieldboundary.
OAR is off-axisratiothatindicatesvariationin dosewith severaldistancesfromthecentral
axis at samedepth.OAR's can be directlymeasuredby severalmethodsor extractedfrom
doseprofilegraphics.
Thesemeasurementshavedonewithafilm dosimetrysystem.Two film categoriesareused.
1.Kodakradiographyfilm.
2.Kodakradiationtherapyverificationfilm.
Al
Measurementsaredonethreeor moredepthsof solidphantommaterial.For example,these
depthscan be 5, 10, 15 centimeters.First of all, film placestightly to phantomand
perpendicularto the centralaxis of thebeam.The film edgeis carefullyalignedwith the
phantomplatesurfaceandairpocketsbetweenthefilm surfaceandthesurroundingjacket.
Then the films arescmmed.Opticaldensitiesaremeasuredin equalratiodistances
from the central axis. Optical densitiesare correlatedby using a depth dependent
sensitometricurve.Rawdataobtainedfromthefilm is shownin thefigureA-2.
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FigureA-2: Cross-sectionalisodosedistrubitionin aplaneperpendiculartothecentralaxisof
thebeam.Isodosevaluesarenormalizedto 100%atthecenterof thefield.
A plot of netopticaldensityasa functionof radiationexposureor doseis termedthe
sensitometricurvesarederivedfromknowncentralaxisdepthdosedatafor areferencefield
size(lOXl 0 cm).
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d
FigureA-3: Film dosimetrysetup.
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Themeasurementsetupis showninthefigureA-3. Andparameterexplanationsaredefinedas
bellow:
F: Sourceto isocenter(oranyreferencepoint)distance.
d: Depthof interestedpointP
P: Interestedpoint.
Xd: Projectedfieldsizeatd depth.
Y d: Lateraldistancefromcentralaxis.
At eachdepthandeachfieldsizes,Yd, OCR'saremeasuredatthesameseriesof beam
widthratios2Yd/Xd.
Thesmallestvalueis D, D thatrepresentsthebeamcentralaxis.
A valueof I, 0representsthebeamedgeanda valuegreaterthanI, 0representspast
thefieldedge.
Sensitometricurveis morelinearforaportfilm.
Isodosechartsaredrawnwith theprofiledatawhichderivationof explainedabove,
comparedwithoriginalisodosechaliwhichgivenbythemanufacturerisodosecharts.
Results
In thisworkfilms aretakenthreedepths,maximum50fieldwidthratiosand10field
sizes(from6X6 to30X30cm)for Cobalt-60teletherapyunits.
Optical densitiesare correlatedwith derivedsensitometricurves.And thereafter
isodosechartsaredrawnfor somefieldsizeswithusingthesedataanda computerprogram,
whichusetypeof data.
For thecobalt-60source,film hasbeenfoundto measureprofileswith acceptable
accuracy(±%2).
Conclusion
A radiologicalfilm consistsof a transparentfilm base(celluloseacetateor polyesteresin)
coatednith anemulsioncontainingverysmallcrystalsof silverbromide.Whenthefilm is
exposedto ionizing radiationthe crystalsare affected.When the film is developed,the
crystalsarereducedto metallicsilver.Thefilm is thenfixed.Theunaffectedsilverbromideis
removedfrom thefixer. The metallicsilver,which is notaffectedcausesdarkeningof the
film. Thusthedegree(opticaldensity)of thefilm dependsontheradiationenergyabsorbed.
But opticaldensityis not changelinearlywith radiationdose.It variesone kind film to
another.Thereforea sensitometricurvemustbedrawn.
Secondimportantprocedureis determiningthe net opticaldensity,which is obtainedby
subtractingthereadingfor the basefog from themeasuredopticaldensity.Calibrationof
scanner,fixingapparatusandchemicalquality,usingof samekind films areimportantissues
also,todecreaserrors.
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